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ABSTRACT 
Discourse practices in mathematics classes have been proven to lead to greater 
student achievement. Policy and standards require students are able to justify and critique 
mathematical reasoning. Literature on how high school mathematics teachers implement 
discourse practices and facilitate discussions is scarce. 
This research study examined how three high school mathematics teachers, who 
participated in a professional development course which focused on facilitating 
discussions in the classroom, used and described their use of discussions and specifically 
the teacher discourse moves (TDMs) in their classes. This study was situated in a high-
achieving suburban upper-middle class district. Data sources included: journal 
reflections, responses to Use of Discourse Surveys, Beliefs Mappings, interviews 
(including post-observation Video Stimulated Recall (VSR) interviews) and classroom 
observations. Each participant was observed teaching four lessons.  
Qualitative analyses revealed that participants’ beliefs related to discourse and 
classroom expectations evolved. The results of this study confirmed that facilitating 
whole class discussions was challenging for high school mathematics teachers. In 
particular, some Teacher Discourse Moves (TDMs) were easier for participants to use 
  vii
over others and some changes were easier for participants to make such as utilizing 
different activity structures. Factors that contributed to participants’ use of discussion 
included: professional development, watching one’s own teaching, noticing changes in 
students’ behaviors, previous instruction on learning to teach, perceptions of student 
capabilities, perceptions of time constraints, and lack of reflective practice. Despite these 
challenges, participants were able to make positive changes in their instruction and notice 
an increase in student engagement as a result. Participating in VSR interviews had a 
dramatic impact on the participants’ beliefs, reflection and changes in practice.  
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CHAPTER I: THE RESEARCH PROBLEM 
Section I: Introduction 
The study of discourse in mathematics classes has a long history primarily at the 
elementary and middle school levels. Studies have found discourse-intensive classes 
result in a classroom environment de-emphasizing memorization (Goos, 2004; Wachira 
et al., 2013). Other studies have shown significant benefits of participation in 
mathematical dialogue such as increased student authority and increased student 
achievement on standardized tests (Chapin & O’Connor, 2013; Fraivillig, Murphy, & 
Fuson, 1999; Gutierrez, 2002; O’Connor, 1998; Wood, Williams, & McNeal, 2006). Yet 
most of these studies focus on students in grades 1–8. 
Herbel-Eisenmann, Steele & Cirillo (2013) designed a professional development 
curriculum for secondary mathematics teachers that emphasized discourse. Following 
administration of their professional development course, the researchers saw a positive 
shift in how both teachers and students communicated mathematically. They also noted 
that teachers realized the importance of engaging with students’ ideas during 
mathematical discussions because it gave students a sense of empowerment. Regardless 
of the positive results of secondary teachers’ participation in this course, however, 
teachers remained skeptical about actually implementing discussions in their secondary 
mathematics classes. One of the common comments made by teachers who participated 
in earlier versions of the course was that they could not imagine facilitating productive 
mathematical discussions with their “low-level” students. While there is some literature 
on how secondary mathematics teachers engage students in discussions (Nathan & 
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Knuth, 2003; Peressini & Knuth, 1998; Sherin, 2002), there is a gap in the literature on 
how secondary mathematics teachers learn to facilitate discussions with their students.  
This study was designed to explore high school mathematics teachers’ efforts to 
implement discourse practices and their beliefs about the role of discussion with their 
students. There were two objectives to this study. The first objective was to investigate 
how these high school mathematics teachers described their own use of discussions in 
their classes. Secondly, this study was designed to examine whether high school 
mathematics teachers who participated in a professional development course centered on 
mathematics discourse incorporated “Teacher Discourse Moves” (TDMs) and engaged 
students in mathematics discourse.  When teachers did use the TDMs, how they were 
being implemented was also examined.  
This research project took place in a suburban high school north-west of Boston, 
titled Coffy High School1. The sample consisted of three high school mathematics 
teachers who completed approximately 44 hours of professional development. Of the 44 
hours of professional development, 37.5 hours were spent participating in a 15-week long 
course on mathematics discourse. The remaining hours consisted of classroom 
observations and interviews. The subjects also were interviewed and observed teaching in 
the weeks following the course. Data were collected on the participants’ beliefs related to 
discourse, their knowledge of features of discourse, and their efforts to incorporate 
discourse into their lessons. The study was designed to answer the following questions. 
 
                                                           
1 The name of this high school and all other names used in this dissertation are pseudonyms. 
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Section II: Research Questions 
1)  How do three high school mathematics teachers who participated in a professional 
development course on mathematics discourse describe their own use of Teacher 
Discourse Moves (TDMs) as well as their own facilitation of discourse in their 
classes?  
2)  How do three high school mathematics teachers who participated in a professional 
development course focusing on mathematics discourse facilitate discussions and 
more specifically use Teacher Discourse Moves in their instruction? 
 
Section III: Definitions of Terms 
Discourse 
 “The term discourse refers to anything people do to communicate with one 
another, including speaking, writing, drawing symbols or other representations, gesturing 
and other nonverbal communication, and so on,” (Herbel-Eisenmann, Cirillo, Steele, 
Otten, & Johnson, In Press). For the purposes of this study, discourse in the form of 
verbal communication or talk, was examined. In particular, the aspect of discourse 
studied was in the context of whole class instruction and student presentations. While 
discourse occurred in small groups and between partners, the nature of this talk was not 
captured or analyzed in as much detail. Furthermore, only discourse that included the 
teacher was considered.  
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Teacher Discourse Moves  
Mathematical talk in classrooms has been studied for many years. Teacher 
Initiation-Student Responds-Teacher Evaluation/Feedback (IRE/F) is considered a 
traditional pattern of talk that is commonly used in classrooms today (Cazden, 1986; 
Mehan, 1979). Particular discourse or talk moves have been introduced as alternatives or 
extensions to the IRE/F discourse pattern. In particular, O’Connor and Michaels (1993) 
described the action of “revoicing.” When a teacher revoices a student comment, the 
teacher can expand or make inferences from that student’s comment. This then provides 
an opportunity for the student to validate the teacher’s inferences which is an important 
element missing from the IRE/F discourse pattern. Rowe (1969, 1974) was a pioneer of 
research on “wait time” as it was implemented by science teachers. Her research found 
that teachers usually wait for less than a second after posing a question to students before 
answering the question or repeating the question. Her work also found that when teachers 
waited for longer than a second, more students participated in the classroom discussion 
(Rowe, 1974). Furthermore, Tobin (1986) found that students in classrooms where 
teachers waited between three and five seconds achieved at higher levels compared to the 
students in classrooms where the teachers waited 1.5 seconds on average. This researcher 
also determined that when wait time was extended, the student and teacher discourse was 
of a higher quality.  
This study uses Herbel-Eisenmann and her colleagues’ (2013) particular talk 
moves, which were based on Chapin and colleagues’ (2013) “talk moves.” The primary 
goals of “talk moves” according to Chapin and her colleagues are to help individual 
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students clarify and share their own thoughts; help students orient to the thinking of 
others; help students deepen their own reasoning; and help students engage in the 
reasoning of others (p. 10). The purpose for using the talk moves is to assist students in 
deepening their understanding of mathematical concepts and procedures. Talk moves are 
often grouped into broad categories since there are many phrases or terms that can be 
used to ask strategic questions or to invite participation. Talk moves include revoicing, 
repeating or rephrasing, contributing such as “say more” or “adding on,” providing wait 
time, and pressing for reasoning such as “Do you agree or disagree? Why?” (Chapin, 
O’Connor, & Anderson, 2013). Since these talk moves were originally designed for 
upper elementary mathematics classrooms, Herbel-Eisenmann and her colleagues (2013) 
modified them to address the ways in which discourse becomes more sophisticated in 
secondary mathematics students’ experiences and to address students’ identities as 
“knowers and doers of mathematics” (p. 82).  
Herbel-Eisenmann and her colleagues define “Teacher Discourse Moves” as 
“actions [teachers] can thoughtfully plan for and use to open up the classroom discourse,” 
(Herbel-Eisenmann, Steele, Cirillo, 2013, p. 81). The teacher discourse moves that I used 
in this study are those articulated by Herbel-Eisenmann and her colleagues. They are 
labeled as follows: waiting, inviting student participation, revoicing, asking students to 
revoice, probing a student’s thinking, and creating opportunities to engage with another’s 
reasoning.   
1. Waiting is when a teacher gives students time to process a question or construct 
an answer. In the first case, the teacher actually waits for students to respond to a 
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question. Wait time also occurs after a student responds to a question or comment. This 
second form of wait time gives students an opportunity to expand their response or for a 
new student to join the discussion. 
2. Inviting student participation, referred to in this study as “inviting,” can take 
many forms. One form is where teachers ask students to share their solutions or strategies 
for the purpose of making diverse solutions available for the entire class to consider. 
Inviting student participation also includes calling on students to join the classroom 
discussion. 
3. Revoicing is when a teacher repeats, restates or rephrases a student’s comment. 
One critical part of revoicing is that the teacher checks back with the original speaker to 
determine whether the speaker’s thoughts were represented accurately. 
4. Asking students to revoice, referred to in this study as “asking,” means the 
teacher asks a student to repeat, restate, or rephrase another student’s comments. One 
purpose of asking students to revoice for each other is to ensure that students listen to 
each other. A second objective of asking students to revoice is to provide them with 
opportunities to revoice in their own words. It is important to note that O’Connor and 
Michaels (1996) would only consider this teacher discourse move revoicing if either the 
students themselves checked back with the original speaker or the teacher checked back 
with the original speaker to ensure the original comment was restated correctly.   
5. Probing a student’s thinking, referred to in this study as “probing,” is a teacher 
discourse move where a teacher asks a student to elaborate on his or her ideas. The 
purpose of probing a student’s thinking is to make students’ thinking explicit so that a 
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teacher can learn what students know or do not understand. Another purpose of this 
teacher discourse move is for students to learn what their peers think about an idea or 
procedure. It also provides students with practice in communicating their thinking, and 
can be an impetus for them to clarify their thinking. 
6. Creating opportunities to engage with another’s reasoning, referred to in this 
study as “creating,” is a teacher discourse move where a teacher asks students if they 
agree or disagree with another student’s strategy or solution. It is also used when a 
teacher asks a student to add on to another student’s comments, providing students the 
opportunity to weigh in on the thinking/reasoning of others.  
 
Section IV: Rationale 
Since the early 1990s, the National Council of Teachers of Mathematics (NCTM) 
policy documents (NCTM 1989, 2000) have recommended that mathematics teachers 
create a classroom environment promoting student communication and sharing of ideas. 
Today, the Common Core State Standards Initiative (National Governors Association 
Center for Best Practices & Council of Chief State School Officers, 2010) explicitly 
requires that mathematics classrooms include student communication, justification, and 
critiques of arguments of others. Many believe that for this to be done effectively, 
classroom instruction must include talk (Sfard, Forman & Kieran, 2001).  
 Studies have collected evidence that participating in mathematical dialogue is 
beneficial (e.g., Chapin & O’Connor, 2013; Fraivillig, Murphy, & Fuson, 1999; 
O’Connor, 1998; Wood, Williams, & McNeal, 2006). Furthermore, researchers have 
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found that effective instructional practices demand students’ mathematical talk (Walshaw 
& Anthony, 2008; Schoenfeld, 2014). Carpenter and colleagues (2003) claim the very 
nature of mathematics assumes that students cannot learn mathematics with 
understanding without engaging in discussion and argumentation.  
 There is evidence that students have a better conceptual understanding of 
mathematics if they are in classes where teachers require students to justify procedures in 
addition to executing procedures (Kazemi, 1998). Schoenfeld’s (2014) article provides a 
rubric to evaluate what powerful classrooms look like and this also includes students 
providing justification. The rubric is titled, “Teaching for Robust Understanding of 
Mathematics.” Specifically with regard to discussion, a high level on this rubric includes 
a classroom where “students explain their ideas and reasoning...students respond to and 
build on each other’s ideas” (p. 408). 
 Providing students with opportunities to talk about mathematics and justify their 
thoughts is not only critical for students learning mathematics with understanding, but it 
also addresses issues of equity (Guttierez, 2012; Moschkovich, 2012). Issues of equity 
with regard to access to high quality mathematics teaching, student achievement, and 
student identity can be addressed through mathematical discussion. Since student talk is 
critical for mathematical understanding and it is a necessary component for powerful 
teaching, all students need access to mathematical discussions. According to Bennett 
(2014), “discourse offers one avenue for teachers to create equitable and mathematically 
rich learning environments and interactions.” 
Discussions in a mathematics classroom are important for many reasons. 
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Discussions are one method for engaging students in the development of their 
mathematical understanding. Students’ previous knowledge and misunderstandings 
become evident through the expression of ideas, thus serving as a resource for teachers. 
Discussions in mathematics classrooms can also “shift the mathematical authority from 
teacher (or textbook) to community,” (Cirillo, 2013b, p. 1). As previously stated, the 
Common Core Standards for Mathematics (CCSSM) (National Governors Association 
Center for Best Practices & Council of Chief State School Officers, 2010), require 
students to justify their ideas and critique the reasoning of others. According to O’Connor 
and Michaels (1996), students need regular opportunities to justify their solutions and 
critique the reasoning of others because it has positive effects on their mathematical 
understanding and thinking. However, the development of thinking depends not only on 
the frequency of exchange structures but also on the extent to which students are regarded 
as active agents of mathematics knowledge. 
In light of the CCSSM (2010) new opportunities for research are surfacing. 
Teachers are being required to adapt their mathematics teaching to be consistent with 
these reforms. “As researchers continue to investigate reform-based teaching, there is a 
need to understand and unravel the complex array of factors influencing teachers’ actions 
as they relate to reform,” (Nathan & Knuth, 2003, p. 204). There is a need to examine 
how high school teachers attempt to facilitate discussions and implement reform-based 
teaching practices.  
The mathematics department at the high school in which this study took place has 
many opportunities for research. In particular, the instruction has been primarily 
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traditional, in terms of the teaching styles focused on lecture to the foci and sequence of 
classes offered. Recent changes have been made in the department; for example, the 
department has changed the textbook series from a skill-based, procedural textbook series 
to an integrated, student-centered, standards-based textbook series. Furthermore, with the 
recent emphasis on incorporating the CCSSM practice standards, members of the 
mathematics department were offered an opportunity to participate in a professional 
development course focused on discourse. Mathematics teachers at this high school are 
making efforts to learn about and incorporate these reform-based practices, thus 
providing an ideal setting and sample to study. For the purpose of this study, I focused on 
the verbal aspect of discourse, which is also referred to as talk or dialogue. 
 Given that the CCSSM requires communication in mathematics classes and 
previous research has proven that dialogue is beneficial for students, we need to know 
how teachers are implementing these discourse moves and facilitating discourse in their 
classes. In particular, there is little known about how high school teachers facilitate 
discourse with their students. To address this, high school mathematics classroom 
observations will be studied and analyzed. Also there is limited research on how high 
school teachers describe their efforts to implement talk moves and facilitate discourse in 
their classes. This information is critical in informing teacher educators and professional 
development curriculum designers about what high school mathematics teachers need to 
effectively facilitate discourse with all of their students. Lastly, Philipp (2007) 
conjectures, “the most lasting change will result from professional development 
experiences that provide teachers with opportunities to coordinate incremental change in 
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beliefs with corresponding change in practice” (p. 281). Examining how high school 
mathematics teachers describe influences of a professional development course on their 
use of TDMs and their beliefs on the use of TDMs will start to address this conjecture. 
 This chapter presented the problem and provided rationale for addressing this 
problem. Given the fact that students and teachers need to use mathematical discourse in 
high school classes and the lack of detail around high school mathematics teachers’ use 
of discussions, this study presented high school mathematics teachers’ descriptions and 
use of discussions in their classes after participating in professional development 
focusing on discourse. Chapter II presents a review of the relevant literature around 
teacher learning and change, teacher expectations and classroom norms, and facilitation 
of discourse. Chapter III describes the methods and procedures used in this study 
including the sample, design, data collection and analysis. Chapter IV presents the results 
from the analysis of data of three participants. Chapter V discusses the conclusions from 
the analysis of the three cases, identifies the limitations of the study, and provides 
recommendations for future research. 
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CHAPTER II: REVIEW OF THE LITERATURE 
Section I: Introduction 
For many years researchers have been studying efforts to improve teacher 
learning and the factors such as professional development and beliefs that influence 
teacher change and teacher actions, (Borko et al., 2006; Guskey, 1986; Hoyles, 1992; 
Kwon & Orrill, 2007; Liljedahl, 2010; Polettini, 2000; Thompson, 1984). This study 
examined high school teachers’ descriptions of their use of discussion as well as how 
they used Teacher Discourse Moves (TDMs) in their classroom after participating in a 
professional development course focusing on discourse. Chapter II presents a review of 
related research. In what follows I will review the literature that helps frame the primary 
questions addressed in this study. First, I review the findings of studies that investigate 
how teachers learn and what supports them in changing their practice to provide some 
context for this study as the participants were invited to partake in lesson observations 
and interviews after completing a professional development course. Second, I present 
some of the available research on how teachers’ expectations and classroom norms 
influence mathematical discourse. In the final section, I present the available research on 
teachers’ efforts to facilitate discussions. Since there is limited research on classroom 
discussions at the high school level, studies of elementary and middle school 
mathematics classes are included. This review will conclude with a description of the 
research gaps that this study intends to help close.   
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II. Teacher Learning & Change 
Teacher learning involves changes in knowledge, beliefs and practice (Goldsmith 
et al., 2014; Guskey, 1986). Furthermore, teacher change is incremental, non-linear and 
iterative with repeated cycles of inquiry and experimenting both inside and outside the 
classroom. Guskey (1986) noted that professional development experiences need to 
recognize that teacher change is a slow and challenging process. Polettini (2000) defined 
teacher change to be movement toward a goal of getting better and teacher development 
was defined to be change over time. Goldsmith and colleagues (2014) analyzed 106 
studies. Most of them (48) focused on elementary school teachers, with 19 studies 
focusing on middle school teachers, 18 studies focusing on high school teachers, and 21 
studies had mixed age groups. As can be seen, there is a lack of research on mathematics 
teacher learning at the secondary level. In general, the authors claim that most of the 
studies focus on the effectiveness of professional development rather than how teachers 
learn. The authors also suggest that researchers need to study how professional 
development influences teachers in different contexts rather than evaluating the 
effectiveness of professional development. In other words, professional development 
might have varying influences on teachers in different communities and school systems 
so rather than determining that a professional development is effective or not, the ways in 
which it is influencing teacher in different contexts needs to be analyzed. Furthermore, 
Goldsmith and colleagues report a need for common language in describing elements of 
professional development, common frameworks to describe teacher learning and 
common approaches for assessing teacher learning. 
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Choppin (2007) suggests ways teachers can support the development of 
collaborative discussions. He claims teachers must: seek student explanations, maintain a 
non-evaluative stance, slow down the discussion, and summarize the classroom 
discussion. Furthermore, Choppin states that developing teachers’ expertise in facilitating 
collaborative discussions involves participation in a community of mathematics educators 
who regularly discuss practices, share resources, and support each other’s efforts. 
Multiple studies have found that participating in a sustained community of learners is 
essential for supporting teacher change (Clarke & Hollingsworth, 2002; Gresalfi & Cobb, 
2011; Herbel-Eisenmann & Cirillo, 2009). 
In addition to participating in a community of learners, multiple studies found that 
mathematics teachers were significantly influenced by watching themselves teach and by 
watching their students’ responses to their teaching (Borko et al., 2006; Busby et al, in 
press; Kwon & Orrill, 2007). In Borko et al.’s (2006) study, teachers participated in a 
professional development program where the curriculum for the professional 
development was organized around videos of the teachers’ own teaching. The video-
watching sessions were called “video clubs.” The researchers studied the teacher talk 
during these “video clubs” for two years. Teacher discussions went from focusing on the 
teachers’ actions to noticing students and their ideas. In addition to the changes in teacher 
discussions, this study reported on the teachers’ perceptions of how the videos influenced 
them. One teacher claimed, “’I think this [watching and discussions video clips] was the 
single most valuable part of the [Supporting the Transition from Arithmetic to Algebraic 
Reasoning (STAAR)] STAAR program. I have learned the most about my teaching by 
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watching my teaching practice... Having a safe place to watch ourselves and not feel like 
we were being criticized or evaluated was critical also,’” (p. 417). Multiple teachers also 
reported that the professional development experience was stimulating and had greater 
potential for supporting their learning and promoting change because of their experience 
in the “video clubs.” The primary findings suggest that for change to happen, teachers 
need: (a) opportunities to participate in a professional learning community where they 
feel safe discussing new strategies that support taking risks and struggle, and (b) 
opportunities to develop trust and communication norms. In addition to these 
suggestions, the researchers found that teacher discussions became more productive over 
time not only because of the use of video, but also due to the ongoing development of a 
professional community and the common experiences shared by the teachers. Similar 
findings regarding teachers’ participation in an ongoing community and common 
experiences were also reported in Herbel-Eisenmann and Cirillo’s (2009) research. 
Watching one’s own teaching and taking time to reflect on it provides 
opportunities for teachers to evaluate their practice, question their beliefs, and potentially 
can lead to changes in instruction. Borko et al. (2006) wrote, “video records can highlight 
aspects of classroom life that a teacher might not notice in the midst of carrying out a 
lesson and can capture the social fabric of a classroom,” (p. 418). This can make a 
teacher’s reflection-on-action more powerful than if the teacher was trying to reflect-on-
action from recollection alone.  
Although Kwon and Orrill’s (2007) study also reported the significance of 
watching videos to influence one middle school teacher’s change, this finding was 
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unintentional. The primary source of data used in Kwon and Orrill’s study was from the 
interviews that occurred while a teacher watched videos of herself teaching. The purpose 
of the videos in this study was to collect data. However, watching the videos furthered 
the professional development of the teacher involved. The videos influenced the teacher 
in four ways. First, the videos gave the teacher an opportunity to hear herself and her 
students, thus making the teacher aware of problems in her teaching practice and making 
her think about what she would do differently in future lessons. Second, the videos gave 
the teacher an opportunity to explain her practice. Third, they gave her an opportunity to 
see her class from a different perspective. Lastly, the videos provided the teacher with 
additional data on her students’ learning.  
Kwon and Orrill claimed that the videos provided opportunities for this teacher to 
reflect and make sense of her classroom (more specifically student understanding) 
without the pressure of students needing immediate attention. In addition to the changes 
in the teacher’s reflections due to the video-prompted interviews, Kwon and Orrill 
conjectured that the teacher’s personality and intrinsic motivation to improve was also a 
factor. Specifically, the teacher in their study was open-minded about improving her 
instruction and had an intrinsic desire to understand student thinking. The teacher’s 
reflections became more detailed. First, the teacher included more discussion on her role 
in clarifying ideas and her instructional decisions more generally. She expanded her 
reflections from discussing the teacher, students, and instructional material separately to 
discussing the relationship between students and new curriculum materials and the 
interaction between the teacher and new curriculum materials even though the interview 
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questions focused solely on student thinking. Additionally, the teacher’s reflections 
expanded beyond the interview questions to include her thoughts on the interaction 
between teaching and students. Furthermore, she was enrolled in a Masters’ degree 
program and the coursework from that program may have influenced her thinking. Kwon 
and Orrill claimed that her positive attitude toward teacher learning and student thinking 
likely contributed to her experience. They suggested that further research is needed to see 
if these findings are typical or a byproduct of the specific interview/teacher combination 
that was the focus of this study. 
Davies and Walker (2005) used video tapes where elementary school teachers 
analyzed their own teaching with particular attention to discourse. These teachers 
reported an enhanced awareness, in the sense of noticing significant mathematical 
moments in their classrooms. The authors report that this awareness meant the teachers 
were more likely to respond to the mathematical learning needs of their students. One 
could question whether teachers actually do respond to the mathematical learning needs 
of their students as a result of this increased awareness and more specifically whether 
teachers actually plan for allowing students to engage with mathematics. “Extensive 
research in this area has found that effective teachers develop their planning to allow 
students to develop habits of mind whereby they can engage with mathematics 
productively and make use of appropriate language to support their understanding” 
(Walshaw & Anthony, 2008, p. 540). 
Two teachers in Bennet’s (2010) case study looked at data from six lessons they 
each taught. Both teachers were in their first year teaching mathematics at two different 
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schools. Similar to studies where teachers watched recordings of their lessons, the data 
provided opportunities for them to reflect on their practice. After each lesson observation, 
the researcher and teachers discussed and analyzed the questions the teachers asked. 
Specifically, the data they looked at presented the number of questions asked and the 
types of questions asked (follow up, probing for facts, or probing for understanding). 
Although the teachers did not watch recordings of their teaching, they were provided with 
some transcripts in addition to the data from their lessons and opportunities to reflect on 
their instruction related to the data. This study reported that the examinations of data 
from the teachers’ lessons were invaluable to changing their instruction. Although one 
teacher asked more questions and specifically questions that probed for understanding 
rather than facts, both teachers’ changed their use of questioning of students over the 
span of the study.  
In addition to reflecting on one’s own practice through video or other forms of 
data, teacher change has been studied as a result of teachers’ backgrounds. Polettini’s 
(2000) research examined two teachers’ life histories to understand their perceptions of 
changes to their teaching and influences on these changes throughout their lives. The 
study was based on the assumption that teacher change may occur long after an 
intervention. Also, teachers’ knowledge, beliefs and reflection are strongly shaped by 
personal, professional and social interests as well as previous experiences as a student. Of 
the two teachers who participated in this study, one taught elementary school and the 
other taught high school. The role of the researcher was to help the teachers reflect on 
their own practice as well as reflect with the researcher to attempt to clarify what the 
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teachers reported. Both teachers felt there were critical points in their histories that 
influenced their practice. These were times when they felt a need for  
• improvement of student learning,  
• further their own development,  
• changes in the curriculum,  
• the existence of “discussion leaders,”  
• an emphasis on active participation and using concrete materials.  
The teachers reported that their interactions with other teachers, the particular curriculum 
materials, support from discussion leaders and their interest in their own development 
were factors supporting their growth. The constraints to growth or change reported were: 
aspects in their lives outside of mathematics education such as children calling their 
attention, lack of content, pedagogy and curriculum knowledge, the way they were taught 
as students, the lack of curriculum materials, and school guidelines such as testing and 
pressure to “cover” the curriculum. Two primary changes occurred for these teachers 
when they learned mathematics for themselves and analyzed how they learned it. First, 
teachers respected students’ ideas and changed their practice from teaching rules to 
focusing on student understanding. Second, teachers’ view of mathematics went from 
mechanistic and formal to enjoyable and understandable. The findings from this study 
have implications for the needs of teachers participating in future professional 
development. Although the teachers in this study changed their practice for personal 
development and growth, two external factors influenced their change as well. The 
researcher provided continual and close support at the time the teachers were beginning 
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to change and one of the teachers was given time to study during the school day. Also, 
Polettini’s (2000) research and Philipp’s (2007) chapter provide evidence that teachers’ 
beliefs and perspectives needed to be taken into consideration when trying to change their 
practice. 
 
III. Teacher Expectations and Classroom Norms 
Particular aspects of the classroom environment or classroom culture are required 
for particular kinds of classroom discourse to occur. When establishing a mathematically 
rich discourse community of learners, teachers must establish classroom norms that 
would support productive mathematical discourse. Planas and Gorgorio (2004) claim, 
“The notion of norms...has profound social implications; not only does it include 
definitions of what is acceptable, but it also encompasses the values...within the 
classroom,” (p. 20). Additionally, the way a teacher establishes classroom norms and 
makes expectations and beliefs known to students can influence the mathematical 
discourse in the classroom.  
Establishing a Discourse Community of Learners. Goos (2004) studied how 
one high school mathematics teacher established a community of inquiry with his Grade 
11 and Grade 12 precalculus and calculus classes. This study focused on only one teacher 
who happened to be the head of the mathematics department at the research site. To 
investigate how this teacher developed his classroom culture, the researcher studied this 
teacher’s Grade 11 class the following year. Since this teacher worked with the same 
students in both eleventh and twelfth grade, the researcher wanted to observe and analyze 
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how this teacher developed this classroom culture of inquiry when the teacher worked 
with the eleventh grade students for the first time at the start of the school year. To create 
a classroom environment where whole-class discussions are the norm, the teacher 
frequently modeled mathematical thinking, revoiced students’ reasoning and 
contributions, and pushed students to explain their reasoning. Michaels and colleagues 
(2008) claim that if teachers regularly use the practices described such as revoicing and 
probing students to explain their reasoning, then students will use these same practices on 
their own. It is not surprising that over time, the students in Goos’ study took on the role 
of the teacher when working with each other. Students explained their reasoning and 
guided each other, persisted in figuring out why solution methods worked, and directed 
their questions to each other without any prompting from the teacher. Despite the positive 
results of this study, the uniqueness of this sample should be taken into consideration as 
grade 11 and 12 precalculus and calculus students may respond to discourse practices 
differently than grade 9 and 10 students for example.  
Two themes about students’ beliefs emerged from twelfth grade students’ 
interviews conducted in Goos’ (2004) study. They first described how engagement in 
worthwhile tasks empowered their sense of personal ownership and developed their 
mathematical understanding. Secondly, students commented on their beliefs that 
explaining their thinking during class is important for both evaluating and strengthening 
their understanding of mathematics. These themes paralleled the themes their teacher 
described when he justified his teaching methods. Students also commented that their 
mathematics class was different and more enjoyable than other subjects because there 
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was less memorization and more opportunities for inquiry learning through discussion. 
Teachers’ expectations of students’ capabilities. There are two types of teacher 
expectations addressed in this review of the literature. The first type of teacher 
expectations is related to teachers’ beliefs. Teachers’ beliefs about what their students are 
capable of doing in their mathematics classes can be revealed in teachers’ expectations of 
their students. Lubinski and Vacc (1994) wrote, “A teacher’s beliefs about students’ 
abilities greatly influence the decisions the teacher makes...” (p. 475). First I will present 
the findings from one study on teachers’ expectations or beliefs related to their students’ 
mathematical potential. Then I will present the literature on another type of teacher 
expectations. What teachers expect their students to be doing during lessons and more 
specifically during classroom discussions is the focus of this section.  
The kinds of discourse teachers facilitate and students participate in can provide 
opportunities for students and create boundaries as well. Although Watson’s (2002) 
research does not examine teachers’ beliefs explicitly, she addresses teachers’ 
expectations related to the level of the course students are enrolled in. This research 
found that high school teachers did a lot of “path smoothing” with low-level students. In 
particular, Watson’s study examined a ninth grade class of low-achieving, special needs 
students with behavioral problems. Specifically, this study aimed to determine whether 
these “low-attaining” students were able to think mathematically at a level beyond recall 
and reproduction. These students’ teachers typically took students through the chain of 
reasoning where students just filled the gaps with arithmetic answers or low-level 
recollection of facts. Consequentially, students were provided with minimal opportunity 
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for cognitive processing through discourse. Watson claimed that one must recognize a 
teacher’s expectations of his/her students (related to the perceived ability levels) to be a 
factor influencing a teacher’s decision to facilitate discussions in mathematics classes. 
Watson’s (2002) study revealed the instructional approach typically used by 
teachers when teaching students enrolled in lower level classes, namely direct instruction. 
This study found that teachers had lower expectations of these students and provided 
them with few opportunities for cognitively demanding tasks. The research did not 
examine how this compared to the expectations teachers had of students in higher level or 
even average level mathematics courses. One should not assume, however, that teachers 
of students enrolled in higher level courses use mathematically productive talk in their 
classrooms more than teachers of students enrolled in lower level classes. 
Another study that examined teacher expectations of her students’ responses to 
her use of classroom discussions was conducted by Cavanna, Herbel-Eisenmann, and 
Seah (2015). The eighth grade mathematics teacher in this study was working to become 
more purposeful with her discourse practices after participating in a year-long 
professional development study group led by the first two authors followed by year-long 
action research project. Three lessons the teacher considered “typical” were observed and 
video-recorded during the same year she was participating in the study group. Next, the 
teacher watched her recorded lesson and the researchers interviewed her. The interviews 
revealed that the teacher had not expected her new classroom practices to go as smoothly 
as they did. She reported that the students understood the mathematics more deeply and 
learned it more quickly than she expected. Furthermore, the teacher in this study became 
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more positive in the ways she described her students’ capabilities. The teacher also 
reported that she was surprised that she was able to purposefully provide her students 
with opportunities to talk about mathematics and she was gaining access to her students’ 
mathematical understanding as a result.  
In addition to gaining access to students’ mathematical understandings, when 
students participate in whole class discussions, opportunities arise for students’ errors to 
become visible. However, if teachers believe that “participating in whole class 
discussions” could mean just listening to other teachers or students talk, students’ 
misunderstandings will not become evident. These misunderstandings can serve as an 
entry point into further mathematical discussion (Kazemi, 1998). Kazemi (1998) reported 
that two elementary school teachers developed a norm in their mathematics classes 
allowing students to make mistakes. The difference between the two ways these teachers 
used student misunderstandings was how one teacher pressed for reasoning and used the 
misunderstandings to further the discussion while the other teacher did not ask students to 
explain their reasoning. 
Bray (2011) also studied how four elementary school teachers’ beliefs influenced 
how they handled their student errors. Surveys, interviews, classroom observations, and a 
researcher log were used to collect data. A long-term professional development course 
coincided with this research study because the school at this site was transitioning to a 
new activities-oriented curriculum. Ultimately, three of the four teachers’ beliefs about 
mathematics instruction shifted toward beliefs aligned with new methods of instruction. 
The one teacher whose beliefs remained opposed to student-centered discussions believed 
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her students were not capable of participating and was discouraged to participate in future 
discussions if their errors were made public as described above. In contrast, teachers who 
believed there should be a focus on students’ errors during whole class discussions also 
believed that this focus on errors during whole class discussions would be beneficial to 
the student who made the error as well as a good learning experience for the rest of the 
students in the class.  
One teacher in Bray’s (2011) study believed that the students in her class who 
were making errors held partially correct solutions. She used these errors to understand 
the students’ thinking. Over time, this teacher developed stronger beliefs about her 
students’ capabilities to contribute productive ideas to whole class discussions. This is 
consistent with findings from previous studies (Herbel-Eisenmann & Cirillo, 2009; 
Hufferd-Ackles et al., 2004). For example, Hufferd-Ackles and colleagues’ (2004) study 
found that the third grade teacher’s beliefs that her students were capable of contributing 
significant mathematical ideas to the classroom discussion increased as the teacher 
provided more opportunities for her students to participate in a math-talk learning 
community.  
Teachers’ positive beliefs toward discussion-based mathematics classes can be 
influenced by witnessing students’ significant contributions to class discussions. For 
example, Chapin and O’Connor’s (2007) work reported that middle school mathematics 
teachers of urban students participating in their study believed their students gained 
greater understanding of concepts and procedures as a result of participating in 
academically productive talk. It can also be said that teachers’ expectations and beliefs 
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that their students are capable of contributing mathematical ideas to the classroom 
discussion can influence how students participate in mathematical discussions in their 
classes.  
Teachers’ expectations of students’ participation. Issues of equity permeate the 
landscape of mathematical discourse. By making goals and norms explicit, teachers are 
providing opportunities for all students to access the mathematics being discussed 
(Bennett, 2014; Busby et al., in press; Gutierrez, 2012). Many researchers who describe 
effective mathematical classroom discussions, report on the necessity of the teacher 
setting up classroom norms and making expectations transparent (Busby et al., in press; 
Michaels et al., 2008; Rubinstein-Avila et al., 2015; Kobiela & Lehrer, 2015). 
Furthermore, DeJarnette and Gonzalez (2015) studied how students positioned 
themselves in the classroom. Their findings suggest that teachers need to instruct students 
how to reposition themselves through discussion and moreover, teachers need to teach 
students classroom norms. 
 Rubenstein and colleagues (2015) studied a middle school bilingual mathematics 
classroom. The researchers used a case study approach to report on the intersection of 
bilingual students, language use, mathematical discourse, and numeracy. They suggested 
that English Language Learners (ELLs) specifically, participate in productive 
mathematical discussions to help them learn both the language as well as the content. 
Rubenstein and colleagues claim that teachers need to provide opportunities where 
students are expected to reason about their mathematical ideas and defend or revise these 
ideas when others challenge them and teach them how to do so. For ELLs to be 
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integrated into productive mathematical discussions, they found that teachers needed to 
establish a classroom community with a shared set of norms. These norms should include 
mutual respect and the opportunity to approach mathematics in multiple languages. 
Specifically, the teacher in this study used both English and Spanish to discuss student 
thinking, to problem solve and to justify reasoning. The teacher also asked students to 
demonstrate solutions, encouraged them to ask questions, and consistently reminded them 
what was expected of them with regard to participating in the classroom discussions. 
According to Rubinstein-Avila and colleagues, ELL students need to listen to other 
students, need teachers to be explicit, need teachers to model what is expected, and they 
need teachers to develop classroom norms. One could claim that the teacher’s actions that 
support ELL’s participation in productive discussions have potential to benefit all other 
students as well.  
It is important to note that studies have shown that productive discussions require 
teachers to establish norms for participation in the discussion and these norms must be 
made explicit to students. However, improving students’ mathematical understanding 
through discussions requires more than just establishing these norms (Bennett, 2014; 
Kazemi, 1998). Bennett’s (2014) study presented findings on how teachers created 
classroom cultures of participation. These classrooms all shared similar elements that 
supported student participation: all students’ ideas and comments were valued and 
respected, all students were expected to contribute, and students shaped the mathematical 
understandings under teacher guidance as needed. To make it explicit that the classroom 
culture required all students to participate in doing and discussing mathematics one 
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teacher displayed all of the students’ names along with famous mathematicians on a 
board in the classroom and titled the board “Great Mathematicians.” Another teacher 
arranged desks in small groups. The purpose of using small groups was to alleviate any 
insecurity the students had about sharing ideas with the entire class. The small groups 
provided a safe and comfortable environment where students could contribute to the 
discussion or begin to develop their ideas before presenting to the whole class. Wait time 
was regularly used by multiple teachers. One teacher would wait until a given number of 
hands (the number was not shared with the students) were raised before calling on a 
student. One teacher in this study kept students after school to talk about mathematics 
with her if the students did not talk during class. All of the teachers observed in this study 
commonly used randomized participation methods to select students because they 
believed that several student contributions would lead to a richer discussion. While most 
teachers in Bennett’s study began with the belief that it was acceptable for quiet students 
to abstain from participating in classroom discussions, they eventually realized that they 
were not giving those quiet students the same opportunities to develop their mathematical 
reasoning skills as the students who regularly participated in the discussion. 
While some research has examined students’ beliefs on whole class mathematics 
discussions in their classes, there is also research on teachers’ beliefs. Studies have found 
mathematics teachers’ beliefs on the role of discussions are related to students’ identity 
and authority (Bray, 2011; Nathan & Knuth, 2003; Sherin, 2002). By providing students 
with opportunities to work with each other, question and answer each other, justify and 
critique the reasoning of others, students are being given some authority in their classes. 
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Furthermore, opportunities for students to be positioned as knowers and doers of 
mathematics are made available as a result. 
Gutierrez (2002) studied how three high school mathematics teachers were 
effective with their bilingual students. Many students were successful in completing a 
calculus course at this urban school where it would be considered unlikely for this 
population of students to enroll in high-level mathematics courses such as calculus. These 
teachers believed their students’ cultures should be honored rather than considered a 
barrier and they demonstrated this by letting their students work on mathematics through 
their primary language again emphasizing the importance of a teacher’s high 
expectations. These teachers did not necessarily speak their students’ primary languages 
but they often let their students work together, carefully choosing groups to foster 
collaboration and discussions among students. As a consequence, teachers were sharing 
the authority with their students. Much like the teachers in Sherin’s (2002) study and 
Nathan and Knuth’s (2003) study, the teachers in Gutierrez’ study all believed in the 
importance of students’ talking to learn mathematics. However, these teachers did not let 
language be an obstacle for the successful implementation of their student-centered 
classroom discussions. 
It can be concluded that one component of the teachers’ role is to provide 
opportunities for students to participate in mathematical discussions. It is important to 
learn how teachers can facilitate these mathematical discussions in their classes and what 
factors, such as beliefs and expectations, influence teachers’ facilitation and 
implementation. 
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It is essential that teachers make their expectations explicit to students and 
establish classroom norms. Before creating a classroom culture conducive to 
mathematical discussions that promote reasoning and justification, these expectations and 
norms must be in place. While norms are necessary, creating this classroom culture 
through expectations and norms alone will not necessarily result in productive 
discussions. Teachers need to use strategies such as discourse moves, to facilitate 
mathematical discussions. 
 
IV. Facilitation of Discourse 
Teachers’ efforts to create a classroom environment rich with mathematical 
discussions are supported through reform standards such as the CCSSM (2010), 
curricular materials, professional development materials, and videos of classrooms 
illustrating teachers facilitating student discussions. Research has shown that with 
sufficient support, teachers are capable of providing students with opportunities to 
participate productively in mathematics discussions and improves students’ mathematical 
understanding as a result (Chapin & O’Connor, 2013; Huffard-Ackles et al., 2004). More 
specifically, there is a need to provide students with opportunities to solve mathematics 
problems and reason mathematically through discussions. Zahner, Velazquez, 
Moschkovich, Vahey, and Lara-Meloy, (2012) compared three teachers’ facilitation of a 
mathematics unit of study using technology. The more successful teachers provided 
students with more time to talk and reason through problems; they also pressed students 
for explanations.    
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Reform policies such as the CCSSM (2010), require that all students use 
communication and justify their mathematical reasoning in class. Boaler (2003) writes 
that we have “clear” visions of reformed mathematics classes but we do not know how 
this impacts or changes what teachers do as a result of the reforms. In other words, 
research in mathematics learning is robust but research is sparse with regard to fully 
understanding the teaching that is needed to bring about such learning. This seems to 
imply that we need to research how reforms such as the CCSSM are an influence on 
teachers’ use of discussion in their instruction. Do teachers actually provide their students 
with opportunities to practice communicating and sharing as well as critiquing the 
reasoning of others? If teachers are providing their students with these opportunities to 
participate in a discourse-rich environment, then researchers need to examine how they 
are doing it and whether the reform helped make it happen.    
Hufferd-Ackles and colleagues (2004) conducted a year-long case study in an 
urban, third grade Latino classroom. The authors report on a particular teacher’s 
transformation because this teacher showed the most change of the four teachers the 
authors studied. At the beginning of the study the teacher demonstrated a traditional style 
of teaching and shifted to orchestrating a mathematical discourse community. They 
defined a “math-talk learning community” as a community in which individuals assisted 
one another’s learning of mathematics by engaging in meaningful mathematical 
discourse. In this math-talk learning community, teachers and students used discourse to 
support math learning of all. One goal of the math-talk learning community was to extend 
and understand one’s own thinking. 
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To measure the changes in teachers’ and students’ actions that occurred over time 
the authors developed and used the Developmental Trajectories in the Math-Talk 
Learning Community framework. The framework specifically focused on four key 
features of an effective discourse community: questioning, explaining mathematical 
thinking, sources of mathematical ideas, and responsibility for learning. The framework 
rated these features on a 0–3 scale. These four components had each been researched 
separately with most of the research targeting questioning and explaining. Because this 
was a case study of one teacher whose growth occurred concurrently in each of the 
developmental trajectories, more research is needed on the four components as a whole, 
as well as more focused study on sources of mathematical ideas and responsibility for 
learning.  
It is in the third level of explaining mathematical thinking in Hufferd-Ackles and 
colleagues (2004) framework where students begin to defend and justify their 
mathematical ideas more confidently and thoroughly. This research is significant in that it 
shows how one teacher transforms her teaching to provide her students with opportunities 
to learn in an environment where they are confident defending and justifying their 
mathematical ideas.  
The curriculum was also found to be a factor in the Hufferd-Ackles and 
colleagues’ (2004) study. The curriculum materials prompted the teachers to ask “why” 
and “how.”  This conceptual focus of the curriculum from skills to justification facilitated 
a shift from 0 to 1 under the “sources of mathematical ideas” component of the 
developmental trajectories scale. More specifically, the prompt from the curriculum to 
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encourage teachers to ask students “why” and “how” gave teachers a tool needed to 
“elicit some students’ ideas.” 
Questioning was one feature of Hufferd-Ackles and colleagues’ (2004) 
framework. Interestingly, the use of questioning changed during the course of the study. 
There was a shift from teacher questioning to find answers, to teacher questioning to 
uncover the mathematical thinking behind the answers. The shift from teachers as 
questioners to students as questioners implied that students were comfortable being 
participants in a math-talk learning community. It also confirmed their engagement with 
the discussion. Student-to-student questioning resulted in active listening on the part of 
the students. By having the students repeating and rephrasing in the classroom, it held the 
students accountable for listening to the discussion and focusing on thinking. Otten, 
Herbel-Eisenmann, Steele, Cirillo, and Bosman (2011), concurred that students’ use of 
repetition and rephrasing was evidence that they were actively listening. 
The teacher actions in this study resulted in a change in student actions. Hufferd-
Ackles et al.’s (2004) work illuminates multiple ways of supporting teachers who are 
going through the developmental trajectories framework. It should be noted that the 
introduction of new topics caused fluctuations in the developmental trajectory levels. One 
reason for this is because students need to learn new vocabulary and concepts before fully 
participating in the math-talk learning community. This could be interpreted to mean that 
teachers, who participate in the math-talk learning community at the third level of the 
developmental trajectory, may not be orchestrating their classroom discussions at that 
level every class. A second reason for teachers’ fluctuation in facilitating productive 
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math-talk learning communities may be due to the teachers’ beliefs about the nature of 
mathematics. For example, the teacher in Sherin’s (2002) study believed that algebra was 
a domain in the field of mathematics that was structured and should be taught 
accordingly: a set of procedures and skills for students to learn. It is important for 
teachers to know when it is appropriate to be at a level three and when it might not be 
appropriate. Research needs to address the varying levels of a math-talk learning 
community and at what times each level is most effective for student learning. 
Imm and Stylianou (2012) analyzed classrooms that participated in low discourse 
practices, high discourse practices, and a hybrid of the two. Their study collected data 
from discussions from five middle school classrooms. First, the researchers coded the 
discussions as univocal or dialogic, and then they identified the patterns of talk that were 
considered Initiate-Respond-Evaluate (IRE) and finally identified new codes as they 
emerged from the transcripts. Part of their analysis involved coding teacher and student 
questions and classifying the teacher questions as conceptual or procedural. The analyses 
used in this study were informative in that they were not trying to evaluate the classroom 
discussion or teacher effectiveness. Rather the purpose of the analyses was to provide a 
detailed picture of the different types of classroom discussions.  
According to Imm and Stylianou (2012), a low discourse community involved the 
teacher talking about his/her own actions, conceptual questions were usually rhetoric or 
followed by a procedural question, and when wait time occurred it was interpreted by the 
teacher to mean students were unwilling to participate or lacked knowledge. In a high 
discourse community, teachers attempted to make expectations for participating in 
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discussions transparent (as well as the features of talk that they valued), they decentered 
themselves as the sole mathematical authority, constantly urged for justification and 
explanation, and the teachers made students feel safe exposing their struggles and 
misunderstandings. Furthermore, teachers’ responses to students in a high discourse 
community encouraged students to talk to each other, did not evaluate the merits of 
students’ ideas, invited students to play roles traditionally considered belonging to the 
teacher, emphasized the “doing” of mathematics, and created opportunities for students to 
engage with each other’s reasoning. Hybrid discourse communities were a combination 
of the low and high discourse communities. The researchers found that in the hybrid 
discourse communities, there were patterns of talk that suggested a focus on conceptual 
understanding. However, the talk maintained a focus on procedures. The researchers 
claimed that most classrooms fall into the hybrid discourse community. What factors 
contribute to a mathematics classroom using low, high or hybrid discourse practices? 
Possible factors as suggested by Imm and Stylianou include but are not limited to the age 
of the students, the mathematical content and the teachers’ experiences. Additionally, the 
authors caution that just because teachers promote student talk and use high discourse 
practices, we cannot assume that more student learning occurs. However, they suggest it 
is worth investigating if it is possible to increase student learning without engaging in 
these practices. 
Staples (2007) conducted a study researching whole class collaborative inquiry in 
a high school mathematics classroom. The teacher in this study was considered 
exceptional while the students were described as typical. Some of the aspects of the 
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teacher’s practice were consistent with Imm and Stylianou’s (2012) descriptions of a high 
discourse community. The teacher made it explicitly known to students that part of the 
learning process involved making errors. Consistent with findings from Bennett’s (2014) 
research, this highlights the fact that expectations need to be made explicit and students 
need to be made aware of new strategies being used as well as how they are supposed to 
participate in these new strategies. The teacher constantly positioned students as knowers 
and doers of mathematics. Staples claimed that being in a high school setting made the 
teacher’s job of facilitating discussions more challenging because high school students 
had more established perceptions of themselves and they had already developed a 
relationship with mathematics. The author suggested the students’ perceptions might 
need to be challenged and modified rather than established. This study emphasizes the 
need for research on classrooms where reform practices are not yet established but where 
efforts are being made to implement these practices. 
Wachira and colleagues (2013) conducted a study examining students’ 
dispositions toward their teacher’s constructivist style of teaching. More specifically, this 
teacher incorporated a modified version of Hufferd-Ackles and colleagues (2004) 
instructional strategies for developing a math talk learning community. The four 
instructional strategies are: Establishing Expectations, Mathematics Language, 
Mathematics Community, and Establishing Formal Discourse. Establishing Expectations 
was the first strategy used in the beginning of the school year to communicate the 
teacher’s expectations on how to speak and write mathematically. Mathematics Language 
was the instructional strategy that dominated the second portion of the year, encouraging 
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students to use more formal mathematical language. The third strategy, Mathematics 
Community, was used to encourage students to use more formal mathematical language 
and gain more confidence problem solving and communicating. Lastly, the dominant 
strategy used for the remainder of the year was Establishing Formal Discourse. This 
strategy gave students opportunities to exhibit a sense of mathematical empowerment and 
communicate their ideas using formal mathematical language. While the teacher in Goos’ 
(2004) study established his discourse community through modeling, the teacher in 
Wachira and colleagues study developed his discourse community in a more incremental 
manner. 
Teachers are faced with challenges when trying to implement discourse 
techniques. Sherin (2002) studied one middle school mathematics teacher’s struggle to 
balance a student-centered process of mathematical discourse while also maintaining 
significant mathematical content in his eighth grade class. Classroom observations, 
teacher journal reflections, and teacher interviews were used as data sources for this 
study. The study took place within the context of a professional development project 
where middle school and high school teachers from different subject areas were learning 
to implement pedagogical reform. The professional development activities intended to 
support teachers’ efforts to implement a community of learners’ pedagogy. In particular, 
the teacher in this study focused on developing a mathematical discourse community 
rather than strictly using the professional development materials. Specifically, the teacher 
focused on tracking student ideas and who was contributing to the mathematical talk. 
Weekly, the researchers and the teacher met to watch and discuss video excerpts from his 
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classroom and discuss the reflections written in his journal.  
The teacher in Sherin’s (2002) study created a discourse community in stages. 
The findings highlight his struggle to balance mathematical discussions and content. 
First, he established norms for discourse explicitly discussed the process of how the 
students and he would engage in the discourse. After a few weeks of focusing on the 
process, he felt comfortable adding content to the process beginning to encourage 
students to talk about mathematics. This teacher’s beliefs that emerged were related to the 
mathematical content and students’ feelings of empowerment. When the teacher had to 
teach an algebra unit, he explained his beliefs about the nature of algebra as a highly 
structured domain and thus his teaching of algebra followed that structured format. He 
treated the teaching of algebra as a set of pre-determined procedures students needed to 
learn sacrificing the open-endedness of discourse he worked hard to maintain throughout 
the year.  
Algebra was typically considered a high school subject and at the time of this 
study, support for student-centered methods of mathematics teaching only existed at the 
elementary and middle schools. Parents from the community in which the study took 
place, as well as teachers at the high school protested attempts to stray from the 
procedural and skill-based styles of learning mathematics at the high school. They feared 
that student-centered methods were less rigorous and would not prepare their students for 
high school and college mathematics courses. The teacher in this study was aware of the 
politics surrounding student-centered strategies at the high school he reported that since 
algebra was considered a high school topic, he focused on the content of algebra and the 
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skills and procedures rather than concepts. 
With the exception of the algebra unit, the teacher in this study structured the 
beginning of classroom discussions in a particular way. He cycled through a series of 
three questions in order to have students first generate ideas, second compare and 
evaluate each other’s ideas, and third filter ideas to narrow the space of consideration. 
The three questions were cycled through to elicit students’ ideas by asking, “What do you 
think?” then following-up with particular students to elaborate on his/her ideas by asking, 
“Why?” and lastly turning to the rest of the class to have students compare and evaluate 
the ideas by asking, “What do other people think?” In the process of repeating this cycle, 
the teacher filtered the ideas to highlight in detail a few particularly relevant ideas. 
Nathan and Knuth’s (2003) study also contributes to the literature on a teacher’s 
struggle to balance content and process. These researchers examined one middle school 
teacher over two years. Since the teacher in this study had many professional 
development experiences learning about reform-based instruction, the professional 
development team did not use a particular curriculum focusing on reform-based 
instructional strategies but rather the professional development was designed in response 
to the teacher’s individual goals. The teacher was observed throughout the first year of 
the study and video-recordings were analyzed with the teacher to determine what her 
goals were and if she was meeting those goals. At the beginning of the study, this teacher 
reported two beliefs about how her students learned mathematics most effectively. She 
believed students learn mathematics best from each other because student language is 
more accessible than expert language. Also, this teacher believed that students learn 
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mathematics best through participating in classroom activities that keep them engaged.  
Even though this teacher worked with a professional development team 
throughout the two years of Nathan and Knuth’s (2004) study, the objective of the 
professional development was not to necessarily change the teacher’s beliefs and her 
beliefs remained constant. One should note however that while the teacher’s beliefs did 
not change, her practices did evolve during the second year of the study and after 
reflecting on her beliefs and practices demonstrated throughout the first year. The teacher 
was pleased with the fact that most of the students participated in the first lesson. 
However, most of the talk in that lesson as well as the other lessons from that year 
followed a teacher to student, student to teacher format. There was little student-to-
student interaction if any and the teacher maintained her role as the mathematical 
authority. As the teacher watched her lessons from year one, she noticed her central role 
in the classroom and made a commitment to speak less often in her classes. She also 
noticed that her students were not listening to each other and she decided that she would 
actively teach her students to become active listeners and facilitate more student-to-
student talk. To help foster a classroom culture where students were at the center of the 
mathematical talk, she established classroom norms, posted them in her classroom, and 
consistently referred to them throughout the next school year.  
Analysis of the teacher’s lessons in the second year of Nathan & Knuth’s (2003) 
study revealed a much more student-centered classroom climate. The teacher spoke less 
during lessons, students interacted with each other more frequently, and the discussions 
were much more student-driven. However, since the teacher stepped down from her role 
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as the mathematical authority, student comments were lacking mathematical rigor and 
justification. Additionally, some of the lessons were left unresolved and students 
remained confused about certain mathematical ideas as the teacher was trying to let 
students address their own mathematical discrepancies and make their own conclusions. 
As the level of rigor, justification, and evidence decreased with the growth of student 
talk, class discussions were less likely to converge toward conventional mathematical 
ideas and resolutions. The authors suggested a new perspective on the relationship 
between teachers’ beliefs and practices: teachers’ practices may change even if beliefs do 
not change as long as the original practices and the changed practices are compatible with 
the beliefs. For example, this teacher consistently believed her students should learn from 
each other. However, at the beginning of the study, her class consisted of mostly teacher 
talk and only after reflecting on her teaching practices, was she able to find opportunities 
for more student talk.  
Both the teacher in Sherin’s (2002) study as well as the teacher in Nathan and 
Knuth’s (2003) study believed their students should learn through talk. Unfortunately, 
particular domains of mathematics were barriers to the success of the teacher in Sherin’s 
study while the teacher in Nathan and Knuth’s study was able to more consistently create 
a student-centered classroom environment. Although the teacher in Nathan and Knuth’s 
study made improvements toward relinquishing her role as the mathematical authority in 
her classroom, she struggled to maintain a level of mathematical precision and rigor. 
In addition to analyzing changes in teachers’ facilitation of discussions, it is 
important to study teachers’ perceptions of their role in facilitating discussions in their 
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classes (Bennett, 2010; Munter, 2014). Munter (2014) developed rubrics to characterize 
teachers’ visions of high-quality mathematics instruction emphasizing the importance of 
discourse and student talk. A teacher’s role can support or hinder mathematical 
discussions. The different roles described in the rubric are:   
• Level 0, Motivator where the teacher is enthusiastic, entertaining and makes 
connections to students 
• Level 1, Deliverer of knowledge where the pattern of discourse is exclusively 
teacher-to-student, the teacher and textbook are considered the sources of 
authority, and the teacher directly reaches how to solve problems, followed by 
individual student practice.  
• Level 2, Monitor where the teacher promotes student-to-student discussion 
exclusively in group work, the teacher is considered the adjudicator of 
correctness, and the teacher presents how to solve a problem followed by students 
applying it in groups. 
• Level 3, Facilitator where the teacher facilitates student talk primarily taking turns 
sharing solutions, the teacher focuses on not “telling” students how to solve 
problems and the typical activity structure follows a launch-explore-summarize 
pattern. 
• Level 4, More knowledgeable other where the teacher elicits and scaffolds 
students’ ideas, supports students in sharing the authority, and the typical activity 
structure follows a launch-explore-summarize pattern where the teacher and 
students work together. 
 
While the instruments in this study were designed to examine interview data, the rubric 
provides descriptions of different roles the teacher can play in terms of facilitating 
classroom discussions. This framework could also be used to describe the role of the 
teacher based on his/her practice. 
Chapin and O’Connor’s (2013) study examined how using a challenging 
curriculum and mathematical discourse can help all students learn. This particular study 
investigated the achievement of fourth through seventh grade, minority, English as a 
second language (ESL) students of low socio-economic status. The achievement gains 
were significant after one year on a number of measures. The article examined the role of 
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a rigorous mathematics curriculum and professional development for teachers focused on 
content knowledge and discourse in terms of the effects on students’ achievement. The 
rigorous mathematics curriculum was considered rigorous because of the mathematics 
content and the level of generalization and justification required through classroom 
discussions. Discourse for the purpose of this study was defined as academically 
productive talk specific to the domain of mathematics.  
One way the researchers measured the effects of their intervention was through 
the Massachusetts Comprehensive Assessment System (MCAS). Results showed that the 
students in their study performed significantly better than the state average on the MCAS. 
The authors discussed potential reasons for these good results. Among these potential 
reasons for success was that teachers hypothesized and voiced that the intensive use of 
classroom talk played major role in student achievement. Chapin and O’Connor’s (2013) 
research found that students’ attention was drawn to specific points when they were 
asked to repeat something that was said in class. Students actually explained their 
reasoning and provided evidence when they are repeatedly pushed to do so. This could be 
interpreted to mean that teachers need to be persistent and patient with students both to 
encourage them to justify their mathematical thinking, and give them time to develop 
their thoughts. It is also through discourse that students were provided with an 
opportunity to gain mathematical flexibility. This flexibility is developed through hearing 
a discussion of a variety of types of reasoning and multiple students’ strategies and 
approaches to mathematical problems. Since the intervention was so complicated and 
there were many factors to consider, it is impossible to say what role the discourse alone 
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played on students’ achievement. The authors conjectured other reasons the discourse 
may have produced such significant results. Students were held accountable for 
completing homework assignments and taking tests regularly. Also, the teachers in this 
study frequently revoiced and asked their students to revoice. This encouraged students to 
listen to each other and gave students more time to process the content. 
The professional development component of Chapin and O’Connor’s (2013) 
project might also have contributed to students’ successes. The professional development 
included a form of in-class mentoring similar to that of an apprenticeship. Teachers 
worked with a master teacher for an hour a day and were mentored in the use of discourse 
to teach mathematics. The reason for this intense mentoring was because most of the 
teachers in this sample were first or second year teachers. A second component of the 
professional development was there was more than 45 hours of coursework which 
focused on mathematical topics specific to the grade level teachers were teaching, 
pedagogical issues, and issues germane to talented students. 
One component of facilitating productive mathematics discussions is the act of 
revoicing. Herbel-Eisenmann et al.’s (2009) longitudinal study added to the research on 
how teachers make sense of revoicing in their mathematics classes. Repeating refers to 
the re-uttering of another person’s speech through repetition, expansion, rephrasing, and 
reporting. Full revoicing according to O’Connor and Michaels’ (1993, 1996) includes 
checking back with the original speaker to make sure the person repeated or rephrased 
with accuracy. The function of revoicing was to provide opportunities for student 
participation, align students’ explanations with academic content, and externalize and 
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clarify the students’ reasoning.  The teachers in Herbel-Eisenmann and colleagues’ study 
taught grades 6–8 and one teacher taught grade 10. They participated in a study group 
where they read articles and discussed the articles each week. The purpose of the study 
was to determine how middle school mathematics teachers’ action research on discourse 
influenced their beliefs and practice. Specifically, the researchers wanted to investigate 
how the teachers talked about revoicing. 
The teacher researchers who were conducting the action research began with an 
academic discussion of discourse and increasingly connected the research to their 
classrooms. This might be because the teachers began their study group over the summer 
months when they were not actually teaching in their classrooms. One component of the 
teacher researchers’ conversations were around the idea of power, authority, and control. 
They raised the question, ‘When does revoicing make the idea the teacher’s?’ In other 
words, the teacher researchers were concerned that their use of revoicing was making 
them the center of the mathematical idea rather than the students. 
Revoicing is a complex talk move with multiple purposes and interpretations. In 
general, revoicing can be used to expand mathematical language, to make sense of 
students’ reasoning, to monitor social behaviors such as paying attention, which can 
result in a shift in participation norms, and revoicing can also be used to emphasize what 
is important. Restating what students say and providing an opportunity for the students to 
verify the restatement, leaves the ownership and authority in the hands of the students. 
The purpose of restating is to specifically gain the students’ attention or to amplify a 
particular concept. Rephrasing what students say can shift the authority to the teacher. 
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Busby et al. (in press) studied teachers who were in the action research stage of the 
professional development experience, which began as a study group using MDISC 
materials. The teachers in this study reported that they forgot to check-back with the 
original speaker thus not always using the full revoicing talk move. By not checking back 
with the students to ensure their revoicing was what the students intended to say, they 
were acknowledging that they were remaining at the center of the discussion and possibly 
not showing students that they valued their ideas. The primary objective of rephrasing is 
to build students’ mathematical understanding. The authors caution that students might 
interpret revoicing differently from the teachers’ intentions. For example, while the 
teacher may be repeating something a student says with the purpose of amplifying the 
student’s thoughts, the student may think that their comment or idea was wrong and the 
teacher is questioning the student’s accuracy. There is a need to research students’ 
interpretations of the revoicing techniques teachers use. 
Wertsch and Toma (1995) described a one-directional framework where the 
teacher sends information for the students to receive as univocal. Use of this univocal 
model implies that students acquire knowledge of mathematics that is predetermined by 
the teacher. Dialogical practices are multi-directional where both the teacher and students 
participate in a community of practice and contribute to the discussion by asking 
questions, explaining ideas, and evaluating each other’s ideas. Research has found 
professional development to be one factor influencing teachers’ use of discourse 
(Peressini and Knuth, 1998). Peressini and Knuth’s (1998) study examined one high 
school mathematics teacher’s experience with professional development and his role with 
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univocal versus dialogical discourse including univocal versus dialogical listening. 
Univocal discourse refers to a teacher’s attempt to understand what his/her students were 
saying and thinking to see that students were on a predetermined track. Dialogic 
discourse refers to teachers’ “active role in questioning and extending their students’ 
comments,” (p. 116) and listening to what students have to say with the purpose of seeing 
what they understand. Dialogic discourse means that teachers are asking questions they 
do not necessarily know the answers to. Authority is shared with the students in dialogic 
discourse.  
The professional development entitled the Discrete Mathematics Project provided 
teachers with a two week (40 hours) summer course, continual dialogue and support, four 
5-hour follow-up sessions, and observations of teachers. If Peressini and Knuth (1998) 
were to conduct the professional development course again, they would modify their 
course in three ways. First, the researchers would spend more time focusing on the 
difference between dialogic and univocal discourse and provide teachers with a deeper 
understanding of how to foster dialogic discourse with their students. Second, the 
researchers would allow teachers opportunities to facilitate and lead dialogic discussions 
within the professional development course itself before teachers tried it with their 
students. Third, the researchers would make efforts to include teachers in the viewing and 
analysis of video episodes of their classroom instruction as part of the professional 
development activities to support reform-based teaching. The teachers in this study 
remained the primary authority in his classroom and did not create a dialogic classroom 
environment. 
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 Researchers have studied the challenges teacher face when trying to incorporate 
discussions in their instruction (Brodie, 2007; Mendez, Sherin & Louis, 2007). In 
Brodie’s (2007) study, two high school mathematics teachers’ use of discussions was 
analyzed. Rather than study the discussions as a whole, Brodie’s research considered 
different phases of the discussion: the beginning and the ending. In the course of the one 
week where the teachers were observed, each teacher had one whole class discussion. 
Both teachers were more successful beginning the discussion with a student question than 
ending the discussion. Furthermore, the ways in which the discussions were sustained 
differed between the two teachers. One teacher did not initially recognize the value of the 
student’s question. However, with teacher pressing the students for reasoning and 
refocusing the discussion on the question asked, there were many places where the 
students built on and challenged each other’s ideas furthering the mathematical 
understanding. While the second teacher also began with a student question, this teacher 
immediately recognized the potential in this discussion and a “substantial conversation” 
ensued.  
One challenge in concluding the discussion involves how to remain open to the 
range of contributions from the discussion while trying to bring those ideas together and 
connect them. Another challenge is deciding an appropriate time to end the discussion so 
students are not bored with the discussion because it lasted too long, but also sustaining 
the discussion long enough so that the mathematical ideas become developed. In both 
cases from this study, students were frustrated with the end of the discussions for 
different reasons. In one class students were frustrated because they needed more time to 
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grapple with the content even though the teacher provided a clear explanation at the end 
of the discussion. In the second class, students did not seem to need that much time 
discussing the question but needed a better explanation of the answer to the student’s 
question. Understanding where the challenge lies for teachers in facilitating discussion 
can provide valuable information for both teachers and teacher-educators in developing 
and maintaining whole class discussions. 
 It is challenging to develop a mathematical discourse community. In Mendez, 
Sherin and Louis’ (2007) study, a teacher’s eighth grade classroom was observed 
throughout the course of one calendar year. Two math classes of students were observed 
daily. The teacher collaborated with the researchers because he was interested in studying 
his own development of a discourse community. The teacher’s reflections evolved 
throughout the year. He considered student talk more generally at the beginning of the 
study and he paid attention to specific aspects of student talk toward the end. Examples of 
classroom discussions throughout the year were analyzed. The lengths of the three 
discussions analyzed in the beginning, middle, and end of this study were 6, 13, and 12 
minutes respectively. The first classroom discussion provided evidence that the teacher 
had developed a culture of inquiry because the students explored mathematical ideas with 
ease. However, when the students had to share their ideas, they were not prepared to 
explain their thinking or listen to each other. Furthermore, the teacher reported that he 
had not planned for the types of questions he could have asked to sustain the discussion 
so he was unable to facilitate a discussion or probe students for further thinking. The 
second discussion provided evidence that the students were participating in a discourse 
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community. The students were given time to think, pressed for reasoning, and asked to 
engage in other students’ ideas. While the teacher again encouraged students to explain 
their reasoning, and share their ideas and respect other students’ comments in the third 
lesson, the mathematical discourse did not have the same robustness as the second lesson. 
The students were discussing mathematics, however, they were not necessarily providing 
reasons for their statements or when they agreed or disagreed with previous student 
comments. In addition, there were only approximately one third of the students 
participating in the discussion. Although the teacher in Mendez, Sherin and Louis’ (2007) 
study spent a year focusing on developing a robust mathematical discourse community, 
reflecting on his practice and working with researchers, he still struggled to facilitate 
powerful and productive discussions with his students. The authors claim that as teachers 
attend to students’ thinking increasingly as students’ engagement becomes more robust, 
there is a greater need for teachers to attend to and better support students’ ideas. 
Additionally, the authors claim that more research is needed to investigate teachers’ 
perceptions of classroom discourse. 
 
V. Conclusion 
The literature presented in this chapter provides evidence of the challenges 
teachers face in incorporating, facilitating, and sustaining powerful and productive 
classroom discussions. Teacher change takes time and particular interventions can have 
varying influences on teachers depending on teachers’ histories, prior experiences, 
beliefs, and communities in which they teach. Previous studies have investigated 
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different supports for teachers who were trying to implement a discourse community in 
their classes. Research has found that by watching one’s own teaching, teachers’ 
expectations, classroom norms, and continued support from a “more knowledgeable 
other” contributed to the successful implementation of discourse and mathematics talk in 
the classroom. Minimal research has examined how a professional development course 
specifically on discourse influences high school mathematics teachers’ perceptions and 
facilitation of discussions. This study intends to help fill this gap in the literature first, by 
examining how high school mathematics teachers describe their use as well as the 
influences on their use of discussions in their classes and second, by examining how they 
facilitate discussions in their classes. 
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CHAPTER III: METHODS AND PROCEDURES 
The purpose of this study was to describe how high school teachers who 
participated in a professional development course that focused on the intentionality when 
engaging in classroom discourse with students described and used discourse in their 
instruction. The course, Mathematics Discourse in Secondary Classes (MDISC), was part 
of a professional development program developed at Michigan State University by 
Professor Beth Herbel-Eisenmann and colleagues.2 The results of this study are presented 
through analyses of case studies of three members of the MDISC course. Qualitative data 
for this case study were collected from Use of Discourse Surveys, Belief Mappings, 
Connecting to Practice responses, interviews (initial and final interviews, pre-observation 
interviews, and post-observation video-stimulated recall (VSR) interviews (Speer, 2005)) 
and lesson observations (See Table 3.1). In Section I of this chapter, the sample and a 
description of the MDISC course are presented. In Section II, the instruments and data 
sources are described. Lastly, in Section III, the methods of data analysis are discussed. 
 
Section I: The Sample and MDISC Course 
The Sample. This study was situated in a suburban upper-middle class district 
west of Boston. The high school in this district, Coffy High School3, had approximately 
2,000 students and 23 math teachers at the time the data were collected. Overall, the 
students at Coffy High School achieve at high levels; about 87% of the students scored 
                                                           
2 The project was funded by the National Science Foundation ([NSF], Award #0918117; Herbel-
Eisenmann (PI), Cirillo & Steele (co-PIs), 2005–2009.  
3 The name of this high school and the names of teacher participants used in this dissertation are 
pseudonyms. 
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"Advanced" and 10% scored "Proficient" on the 2012 statewide 10th grade mathematics 
examination (MCAS). Mathematics courses at the school are categorized into four levels: 
College Prep 2, College Prep 1, Honors, and Advanced Placement. The departmental 
recommendations for the typical course of study followed a fairly traditional sequence of 
Algebra I, Algebra II, Geometry, Advanced Mathematics, and Calculus or Statistics. 
Algebra I was taken by the majority of students in grade 8. In fall 2013, the school began 
using the integrated curriculum, Integrated CME Project Mathematics I, II, and III 
(Pearson, 2013). The study took place during year two of the adoption of the new 
curriculum. This means all freshmen and sophomore mathematics classes were using the 
new curriculum at that time.  
I observed participants in their honors or CP2 courses. The honors courses at 
Coffy High School progress at a fast pace and the curriculum is taught for both breadth 
and depth. Students who tend to do well learning mathematics are placed in honors 
courses. Students at Coffy High School who have typically struggled to learn 
mathematics are often placed in a CP2 course. CP2 courses progress at a slower pace. 
However, compared to students across Massachusetts, students in CP2 courses in this 
district achieved at high levels. For example, on the mathematics portion of the Spring 
2012 MCAS examination, 100% of the 54 tenth grade students enrolled in CP2 
mathematics courses passed the test (44.4% “Advanced,” 42.6% “Proficient,” 13% 
“Needs Improvement,” and 0% “Failing”.) 
The sample for this study was selected from mathematics teachers who 
participated in the MDISC course from October 2013 to February 2014 in the district. 
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There were 12 high school mathematics teachers and four middle school mathematics 
teachers enrolled in the course. After the course ended, three of the high school teachers 
were asked to participate as case studies for this research. These three teachers were 
selected because of their excellent attendance, the courses they taught represented diverse 
mathematical content and level of rigor, and these teachers represent a range in years of 
teaching experience. All of them had achieved professional status and held professional 
license. See Table 3.1 for an overview of participating teachers.  
Table 3.1: Participants by Years Teaching, Courses Taught, Professional Status and 
College Credit for Participating in MDISC 
Participant 
Number of 
years teaching 
Course and 
Grade 
Observed 
Professional 
Status 
College Credit 
for MDISC 
Ms. Gold 5 
Honors Math 
2, Grade 9 
Yes Yes 
Ms. Pike 26 
Honors Math 
3, Grade 10 
Yes No 
Ms. Willow 25 
CP2 Math 1 
Grade 9 
Yes Yes 
 
Confidentiality and Reliability. To ensure confidentiality of all transcripts of classroom 
observations and interviews, pseudonyms were used in the reporting of the results. 
Videos, transcripts, and all other data sources were stored in a secure location or 
password-protected computer. To ensure reliability, a member of the mathematics 
education community was given definitions and examples of the codes used for the 
Connecting to Practice responses, interviews and classroom observations. After I coded 
one participant’s Connecting to Practice responses, interviews, and classroom 
observation transcripts, the second coder conducted a blind thematic coding which was 
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approximately 33% of the data collected. All coding discrepancies between the two 
coders were discussed until agreement was reached. 
 
The Mathematics Discourse in Secondary Classes Program. The professional 
development program used for this research focused on mathematics discourse in general, 
and more specifically, provided participants with a set of tools (the teacher discourse 
moves) and two theoretical lenses through which to consider whether the discourse in 
their classes is productive or powerful. Additionally, the participants collaborated to 
consider how to use the teacher discourse moves in ways that are productive and 
powerful. The program, presented as a course, was part of a larger project called the 
Mathematics Discourse in Secondary Classrooms (MDISC) project. It was developed, 
piloted, and revised by Herbel-Eisenmann, Steele, and Cirillo (2013). I hypothesized that 
high school mathematics teachers who completed a research-based course with a 
component that connected to practice, would learn the value of student engagement in 
mathematics discourse and purposefully use TDMs to facilitate powerful and productive 
discussions.  
There were five primary objectives for the MDISC professional development 
course: 
1. Develop an understanding of the importance of the role of discourse in high 
school mathematics classrooms with regard to the relationship between discourse 
in the classroom and students’ mathematical learning as well as the relationship 
between discourse in the classroom and the decisions teachers make.  
  
 56
2. Develop an understanding of the relationship between context and discourse. 
“Context” means: framing of tasks, communication context and their choice of 
representations. 
3. Develop an understanding of productive discourse. “Productive discourse” is 
when students participate in mathematical discussions that move toward a 
particular mathematical learning goal.  
4. Develop an understanding of powerful discourse. “Powerful discourse” gives 
students opportunities to develop identities as mathematical learners.  
5. Develop an understanding of purposeful discourse. This means teachers will 
reflect on and learn how to purposefully use the tools learned in the professional 
development course to shape students’ opportunities to learn mathematics in a 
productive and powerful way. 
To accomplish these objectives, the MDISC course met weekly for 15 weeks and 
I facilitated the course. Each session lasted two and one-half hours. In an effort to 
distinguish the participants in the study from the participants in the MDISC course, the 
teachers who were enrolled in the MDISC course will be referred to as “teachers.” As an 
incentive to participate in the course, teachers received Professional Development Points 
(PDPs). They also were able to earn 3 college credits through an agreement with a local 
college and the school system. Seventeen teachers originally registered for the course but 
four teachers withdrew due to scheduling conflicts or for personal reasons. Thirteen 
teachers completed the course: nine of the 13 or 69% were high school mathematics 
teachers. 
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 While the format of each session of the MDISC course varied slightly, a typical 
session began with a brief discussion of the teachers’ reactions to a Connecting to 
Practice assignment. Next teachers solved a mathematical task and discussed the ways in 
which the task was set up to open up the student discourse or close it down. After 
completing the task and discussing it, the teachers sometimes watched videos or read 
transcripts of students completing and discussing the same task. These videos provided 
members of the course with opportunities to see first-hand how other teachers were 
working to engage students in mathematical discussion prompted by a particular task. 
These videos and transcripts were followed by another discussion. The teachers were 
encouraged to begin their comments with the phrases “I notice” or “I wonder.” The 
purpose of using these phrases was to develop a learning community where teachers were 
comfortable sharing their ideas and asking questions in a respectful way.  
The MDISC course was organized into seven sections. Five of these sections were 
called “constellations” and based on a theme. In addition to the five constellations, there 
was an introduction session and a capstone session. The constellations were: C1: 
Explanations, evidence and tacit expectations; C2: Interactions, patterns, and teacher 
discourse moves; C3: Planning for rich discourse; C4: Setting up and gathering evidence 
of student work; and C5: Concluding and contemplating evidence. Each of the seven 
sections had accompanying tasks and activities and assignments. The tasks and activities 
and assignments used during each of the 15 sessions are summarized in Table 3.2 below. 
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3.2: MDISC Course Session Summary 
 
Constellation Class Topic Assignment Due 
Introduction Session 1 0.1 Introduction and Overview 
0.2 Betty’s Bakery Task 
0.3 Bridging Languages 
0.4 Belief Mappings 
 
 
 
C1: 
Explanations, 
Evidence, and 
Tacit 
Expectations 
Session 2 0.4 Belief Mappings (continued) 
0.5 The Nature of Discourse 
*** 
1.1 Reflective Questions 
1.2 Triangular Area and Perimeter 
Tasks 
Connecting to 
Practice: Belief 
Mappings 
 
Read Touchstone 
Document: 
Introduction 
Session 3 1.3 Examining Student Verbal and 
Written Work 
1.4 Further Exploring Written 
Descriptions in Mathematics 
Textbooks 
 
Connecting to 
Practice C1.A & 
C1.B 
 
 
C2: 
Interactions, 
Patterns, and 
Teacher 
Discourse 
Moves 
Session 4 1.5 Examining Whole class 
Discussion as a Context for 
Communication Mathematics  
*** 
2.1 The Case of the Hidden 
Triangles (Part A) 
2.2 The Hidden Triangle 
Exploration Task 
 
Connecting to 
Practice C1.C  
 
Read Touchstone 
Document: C1 
Session 5 2.2 The Hidden Triangle 
Exploration Task (continued) 
2.3 The Case of the Hidden 
Triangles (Part B)  
2.4 Teacher Discourse Moves 
2.5 The Case of the Hidden 
Triangles (Part C) 
2.6 Positioning and Particular 
Students 
 
Connecting to 
Practice C1.D & 
C2.A 
C3:  
Planning for 
Rich Discourse 
Session 6 2.6 Positioning and Particular 
Students (continued) 
*** 
Connecting to 
Practice  
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3.1 Comparing Two Versions of the 
Intersecting Lines Task 
 
Read Touchstone 
Document: C2 
Session 7 3.1 Comparing Two Versions of the 
Intersecting Lines Task 
(continued) 
3.2 Setting Goals for Productive and 
Powerful Discourse 
3.3 Considering Students’ Reading 
of Textbooks or Other 
Instructional Materials 
 
Connecting to 
Practice C2.B & 
C2.C  
C4:  
Setting Up and 
Gathering 
Evidence of 
Student Work 
 
 
 
 
 
 
 
Session 8 3.4 Planning – Tasks, Goals, and 
Discourse 
3.5 The Case of the Intersecting 
Lines 
Connecting to 
Practice C3.A  
 
Read Touchstone 
Document: C3 
Session 9 4.1 Linear Systems and Juice 
Mixtures Tasks 
4.2 Two Cases of Small group Work 
 
Connecting to 
Practice C3.B & 
C3.C  
Session 10  4.2 Two Cases of Small group Work 
(continued) 
4.3 Considering Positioning in the 
Small group Cases  
4.4 Analyzing Student Work and 
Preparing for Whole class 
Discussions 
 
Read Touchstone 
Document: C4 
C5: 
Concluding 
and 
Contemplating 
Evidence 
Session 11 5.1 The Border Task 
5.2 The Case of the Border Task 
5.3 Mapping Mathematical 
Connections 
 
Connecting to 
Practice C4.A, 
C4.B 
Session 12 5.3 Mapping Mathematical 
Connections (continued) 
5.4 Analyzing Student Work  
 
 
Session 13 5.5. Examining Positioning in Ms. 
Krusi’s Class 
5.6 Revisiting the Belief Mappings 
and Considering MDISC 
Themes 
 
Connecting to 
Practice C5.A 
 
Read Touchstone 
Document: C5 
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Capstone Session 14  CAP.1: A First Look at Action 
Research 
CAP.2: Data Sources and Research 
Methods  
 
 
Session 15 CAP.3: A Review of MDISC 
Final Debriefing and Reflections 
Participant Video-cases and 
Discussion 
 
 
The teachers completed the Use of Discourse Survey Form A in the first session. 
The purpose of Form A of the survey was to gather preliminary information on the 
teachers’ understanding and perceived use of features of discourse such as whole class 
discussions and small group discussions as well as their reasons for enrolling in the 
course. I designed this survey (See Appendix A) with the research questions in mind.  
The introduction session and the beginning of the second session of the MDISC 
course focused on how “status” and “smartness” of the members of a classroom affect the 
interactions within the classroom, how different representational contexts shape discourse 
and teachers’ beliefs related to teaching and student learning of mathematics. In small 
groups, teachers completed “Betty’s Bakery Task.” See Appendix D for the complete 
task. As a whole class, they then discussed the language used and teachers’ participation 
in the small groups. A discussion on student positioning ensued. Next the teachers read a 
transcript while listening to the recording of a classroom working on the “Betty’s Bakery 
Task.” Teachers commented on how they found it challenging trying to just listen to the 
classroom episode without being able to see it on video. Next the teachers read Herbel-
Eisenmann’s (2002) article titled, Bridging Languages, which focused on the range of 
language that students use as well as classroom norms. Then they read the classroom 
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transcript again specifically focusing on the classroom discourse and interactions. After 
the second transcript reading, the teachers discussed the range of language used, 
classroom norms and expectations from the classroom transcript. The Introduction 
session concluded with the teachers creating their Beliefs Mappings and then sharing 
them with the group. Finally they completed readings on what discourse is including 
findings from Project Challenge. Project Challenge was an intervention in a school 
district that focused on discourse. In the discussion following the reading, teachers stated 
that they were impressed by the findings from Project Challenge and motivated by their 
results to make changes in their own classes. 
The second and third sessions and a portion of the fourth session focused on 
Constellation 1: Explanations, Evidence and Tacit Expectations. Teachers completed two 
versions of the Triangular Area and Perimeter Task (Appendix E). The mathematics goal 
was for teachers to be able to justify and explain why the area of a triangle or 
parallelogram does not determine its perimeter. The social goal was for teachers to 
engage with one another’s solution strategies by asking questions. The first version of the 
task poised an open-ended question so teachers’ mathematical work included 
hypothesizing and conjecturing during the solution process and discussion. The second 
version of the task had a specific question; teachers answered the question and discussed 
the specific values, formulas, and operations. The two versions were designed to show 
how problems can open up or close down learning. Teachers were also introduced to the 
Mathematics Register (formal mathematics language often found in textbooks), examined 
textbooks and discussed the implications of formal language on students’ comprehension 
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and understanding of concepts. Finally, teachers revisited the Triangle Area and 
Perimeter Task by reading a vignette of a discussion about the problem; they discussed 
how students’ contributions tell the teacher something about what students know, 
understand, or how they were thinking. 
 Sessions 4, 5, and part of 6 focused on content from Constellation 2: Interactions, 
Patterns and Teacher Discourse Moves. During these sessions, teachers read versions of 
“The Case of the Hidden Triangles” task, which focused on triangle congruence. Many 
teachers were familiar with this activity as it was similar to one that most of the high 
school teachers had used with their students (See Appendix F). A number of different 
lesson transcripts were read in which the teachers in the MDSIC course took on the roles 
of the teacher and students from the transcript. They discussed the patterns of interaction 
– how the teacher shaped these patterns and how the patterns positioned students in 
general. They explored how different versions of the task opened up the discourse and 
how the teacher positioned students. The teachers also learned about the different TDMs 
and identified them in one of the versions of the “The Case of the Hidden Triangles.” 
They discussed the intended purposes of those TDMs and potential benefits and 
drawbacks.  
 The remainder of session 6 as well as sessions 7 and 8 presented teachers with 
information on how to plan for rich discourse. The first activity provided teachers with 
two different versions of a task involving a system of linear equations. One version was 
more structured than the other. Teachers solved and compared the two versions 
anticipating possible student thinking and discourse about the problem. Next the teachers 
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developed mathematical and social goals for teaching the task and discussed how the 
TDMs could be used to achieve their goals. The teachers immediately identified the 
differences in the two tasks. Additionally, they were able to determine which of the two 
tasks in conjunction with the TDMs could help them achieve their goals. 
 Activities and tasks returned to investigating the mathematics register in different 
textbook excerpts. Teachers discussed how they could address certain characteristics of 
the mathematics register. In session 8 the teachers planned to use various communication 
contexts (e.g., individual seatwork, small group work, and whole class discussion) using 
the Intersecting Lines Task (Appendix G). Session 8 concluded with teachers completing 
The Use of Discourse Survey Part B (See Appendix B). 
 Teachers completed Constellation 4: Setting Up and Gathering Evidence of 
Student Work, in sessions 9 and 10. They examined small group work and positioning 
using a linear systems problem. First teachers solved the Linear Systems and Juice 
Mixtures Tasks (Appendix H and Appendix I) and discussed their participation and 
positioning as they solved the problem. Then teachers read and watched video-recordings 
of two different classrooms solving the task in small groups. The discussion following the 
videos asked teachers to focus on students’ positioning and the teachers’ role in shaping 
the discourse to stress multiple solutions to the task. Teachers also examined samples of 
student work from the Juice Mixtures Task and used these samples to prepare for a whole 
class discussion that would be based on student work.  
 Sessions 11, 12 and 13 focused on Constellation 5: Concluding and 
Contemplating Evidence. The Border Task (Appendix J and Appendix K) was used to 
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focus teachers on the different issues when facilitating a whole class discussion rather 
than small group work. The mathematical goal of the task itself was to model situations 
using symbolic expression and explain connections between features of symbolic 
expressions and those of the modeled situation. Since there were multiple solution 
strategies for this task, it provided an explicit opportunity to use and discuss the TDM, 
creating. Much of the time was spent on helping teachers consider how to conclude 
whole class discussions and how to identify and use evidence of student thinking. 
Samples of student were again analyzed and discussion focused on student thinking and 
positioning. It was at the end of session 13 when teachers revisited their Beliefs 
Mappings for the final time and were given an opportunity to modify them as needed. 
 The MDISC course was designed so that teachers would continue working on 
using discourse in their practice following the course’s conclusion using the Capstone 
materials. These materials introduced the action research process and helped teachers 
prepare to conduct an action research study on their own teaching practice. Since the 
teachers in this study were not continuing with an action research project, the last two 
sessions were modified.  
In sessions 14 and 15, the teachers worked on the “Discriminants Task” 
(Appendix L) which explored the relationship between the number of solutions to a 
quadratic equation and the discriminant of that equation. Teachers’ discussions about this 
task focused on issues related to powerful and productive discourse.  They also reviewed 
the five summary documents titled, Touchstone Documents. These documents reviewed 
the important elements from the course from each of the five constellations. Then 
  
 65
keeping this content in mind, they identified key ideas they had learned about classroom 
discourse and reflected on remaining questions related to these ideas and areas of interest 
to study in the future.  In the final session, two teachers, one middle school teacher and 
one teacher (Ms. Pike) who ended up participating in this study, shared video-recordings 
of themselves teaching. Teachers watched these recording and discussed the TDMs, 
activity structures and positioning in the episodes. The teachers expressed that they 
wished the course had provided time for them to watch and discuss more of their own 
teaching. Lastly, the teachers completed the Use of Discourse Survey Form C.  
 
Section II:  
Instruments and Data Sources  
 Five data sources were used in this study: Use of Discourse Surveys, Beliefs 
Mappings, Connecting to Practice responses, interviews (initial and final interviews, pre-
observation interviews, post-observation VSR interviews), and classroom observations. 
Two of these sources, Beliefs Mappings and Connecting to Practice responses, were part 
of the MDISC curriculum. Interviews, Use of Discourse Surveys, and classroom 
observations were also used to collect data. Table 3.3 below displays the timeframe in 
which the data were collected.  
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Table 3.3: Data Collection Timeline 
 
Timeframe Data Collected 
October 2013 (during the 
MDISC course) 
• Use of Discourse Survey A 
• Beliefs Mappings 
December 2013 (during the 
MDISC course) 
• Use of Discourse Survey B 
• Beliefs Mappings 
February 2014 (during the 
MDISC course) 
• Use of Discourse Survey C 
• Beliefs Mappings 
February 2014 (after the 
MDISC course concluded) 
• Teachers from MDISC course were invited to 
participate in interviews and observations 
March 2014 • Initial Interview 
March 2014 • Pre-observation interview 
• Observation #1 
• Post-observation VSR interview 
April–May 2014 • Pre-observation interview 
• Observation #2 
• Post-observation VSR interview 
May–June 2014 • Pre-observation interview 
• Observation #3 
• Post-observation VSR interview 
June 2014 • Pre-observation interview 
• Observation #4 
• Post-observation VSR interview 
• Final interview 
 
Use of Discourse Surveys. In order to collect data on participants’ understanding 
of the role of discourse in their classes, the Use of Discourse Surveys Forms A, B, and C 
were developed. These surveys asked participants to describe their knowledge of 
particular aspects and features of classroom discourse, their use of these aspects and 
features, and the impact of the MDISC course on their knowledge and practice. Copies of 
all of the Use of Discourse Surveys can be found in Appendices A–C.  
On all versions of the Use of Discourse Survey, there were four short-answer 
questions on participants’ demographics and background information. There also were 
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ten questions, whose responses were recorded on a 5-point Likert scale, asking 
participants to report on their understanding of particular vocabulary and phrases related 
to classroom discourse and to note how often they used these features of discourse (such 
as small group discussions, or whole class discussions) in their practice. These were 
followed by four open-ended questions. Participants were asked to describe what they 
perceived to be affordances and constraints to using discussions in their classes, their 
definition of “whole class discussions,” and what they wanted to learn about facilitating 
discussions. The final question on Form A asked participants what their intention was for 
taking the course. On Form B of the Use of Discourse Survey participants were asked if 
their expectations were met as the course progressed. On Form C, participants were asked 
if and how their actions and beliefs had changed after participating in the MDISC course. 
A summary of survey questions is described in Table 3.4 below. 
Table 3.4: Content and Format of the Use of Discourse Survey by Question Number 
 
Question Number Content Question Format 
1–5 Knowledge of features of discourse Likert  
6–10 Use of features of discourse Likert 
11 
Definition of “whole class mathematical 
discussion” 
Open Response 
12 
What participants want to learn about 
mathematical discussions 
Open Response 
13–14 
Benefits and constraints to using classroom 
discussions 
Open Response 
15 (Form A) 
15 (Form B) 
15 (Form C) 
Motivation for taking the MDISC Course 
If expectations were met 
Changes to beliefs and practice 
Open Response 
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The first administration of the survey (Form A) was given at the start of the 
MDISC course, the second (Form B) was given halfway through the course and the post-
course survey (Form C) was completed during the last class. 
Analysis of Use of Discourse Surveys. The Use of Discourse Surveys were given 
as part of this study within the context of the MDISC course. The surveys were analyzed 
both quantitatively and qualitatively. The first section of the Likert Scale questions (#1–
5), as well as the open response question asking participants to define “whole class 
mathematical discussions,” were used to describe the participants’ self-reported 
understanding of features of discourse. Likert scores were compared among versions for 
change. The definition of “whole class mathematical discussions” was examined for the 
depth of the explanation as well as changes to the definition from the beginning (Form A) 
of the MDISC course to the end (Form B).  
The second section of Likert Scale questions (#6–10), as well as the last question 
on the final Use of Discourse Survey asking if participants’ thought their beliefs and 
practice changed, were used to describe whether participants reported changes to their 
beliefs about discourse and their use of features of discourse in their instruction from the 
beginning of the MDISC course (Form A) to the end (Form B). The open-response 
questions on the Use of Discourse Form A that asked participants to describe their 
reasons for taking the MDISC course and what they wanted to learn from the course were 
used to describe participants’ motivations for taking the course. Finally, the open 
response questions asking participants about benefits and constraints to classroom 
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discussions were used to describe participants’ perceptions of why they would potentially 
be more likely to facilitate or not facilitate discussions in their instruction. 
 
Beliefs Mappings. Beliefs Mappings were one source of data used in this study to 
gather information about participants’ beliefs. At the end of the first session of the 
MDISC course, participants reflected on their beliefs on teaching, learning, students, and 
mathematics. Then they wrote these beliefs on post-it notes. Between the first and second 
session of the MDISC course, participants were asked to continue thinking about their 
beliefs and continue writing their ideas on post-it notes and at the beginning of the second 
session, participants arranged their post-it notes on a poster. Any post-it notes participants 
added to their maps after the initial draft, were added in a different color to easily identify 
any differences. They were instructed to group statements together and consider what 
was most important to them. After the participants created their maps, they were asked to 
write about why they chose those particular beliefs and why they placed them on the 
poster in the particular arrangement they chose. Mid-way through the course and again in 
the final three sessions of the course, participants were asked to reexamine their Beliefs 
Mappings. They were able to redesign or modify their maps as they wished and again 
write about these beliefs. The Beliefs Mappings were photographed to document the data 
source and any changes over time.  
 
Analysis of Beliefs Mappings. The Beliefs Mappings were analyzed by 
examining the three beliefs maps for any changes over time. The goal was to use these 
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data to summarize participants’ beliefs on mathematics teaching and learning and more 
specifically mathematics discourse. I examined the statements participants listed on their 
Beliefs Mappings and categorized similar statements in terms of teaching and learning 
mathematics. These groups of statements were used to describe the beliefs representative 
of those statements where possible; statements that did not fit into the emergent 
categories were not used. For example, the statements on one participant’s map: 
“Discovery is the best way to learn and retain mathematics,” “Inquiry is essential for 
mathematics,” “Making observations can lead to discovery,” “It is important to share 
ideas when learning/discovering mathematics,” and “Trial and error can lead to 
discovery” were grouped together. These statements indicate that this participant held 
beliefs about learning mathematics through discovery and inquiry. A sample beliefs map 
is shown in Figure 3.1 on the next page. 
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Figure 3.1 Sample Final Beliefs Map from MDISC Course 
Sample Final Beliefs Map 
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Connecting to Practice Responses. The Connecting to Practice activities were 
one component of the MDISC course curriculum. Every week throughout the course, 
participants were asked to either try a new technique or observe themselves or their 
students in their classes. Additionally, participants were asked to answer questions about 
these activities. For example, in one activity participants were asked to facilitate a whole 
class discussion and then write about the experience. Participants reflected and then also 
wrote about particular aspects of the lesson that surprised them. Participants’ responses to 
Connecting to Practice activities were a source of data used to gather information on 
participants’ initial efforts to use the techniques from the MDISC course in their own 
practice while they were taking the course.  A summary of the Connecting to Practice 
questions is presented in Table 3.5 below. 
Table 3.5: Connecting to Practice Activities and Questions by Assignment Number 
 
Connecting 
to Practice 
Activity Selected Reflection Questions and 
Prompts 
C1.A Participants paid close 
attention to a small 
number of students in 
their classroom and the 
ways in which the 
students participated and 
used language. 
• How does this student communicate (e.g., 
talk, write, gesture, listen) with others 
when s/he works in small groups and 
during whole class discussions?  
• With whom does this student interact? Do 
the interactions center on mathematical or 
non-mathematical topics? 
 
C1.B Participants reflected on 
the data they collected 
from small group 
discussions and whole 
class discussions. 
• What do you notice about how students 
seem to communicate in this 
communication context? How does it 
compare to the ways in which the 
language spectrum characterizes this kind 
of communication? 
• What do you notice or wonder about who 
is communicating? Who are students 
communicating with? In what ways do the 
  
 73
students position one another in the small 
group discussions? 
 
C1.C Participants chose a 
small number of students 
from their classroom and 
paid particular attention 
to their use of the 
language spectrum and 
mathematics register. 
• What kinds of mathematical terms do they 
use? 
• How often do they justify or explain their 
answers? Who justifies and to whom? 
• What kinds of processes do they highlight 
(e.g., Is math about thinking, doing, 
saying)?  
 
C1.D Participants collected 
data on students’ 
perceptions of classroom 
discourse. 
• Write about what you have learned about 
students’ perspectives and how students’ 
responses help you think about what you 
are doing to support their participation in 
your classroom. 
 
C2.A Participants noticed how 
and when they used IRE 
in their own practice. 
• Does the discourse follow the IRE pattern 
or are there patterns that seem different 
from IRE? Can you describe these 
alternative patterns? 
• What kind of feedback do you give when 
answers are correct? When answers are 
incorrect? 
 
C2.B Participants listened to a 
recording of their 
classroom discourse, and 
looked for opportunities 
to use the TDMs. 
• In what ways did your use of the TDMs 
encourage student participation? Who 
participated and how? Describe these 
instances. 
• What missed opportunities did you notice 
where you might have used TDMs to open 
up the discourse? 
 
C2.C Participants practiced 
using TDMs and 
reflected on these 
practices. 
• Who participates when you use the 
teacher discourse moves and how do they 
participate? Is the “who” or “how” 
different than before you used these 
particular moves? 
• What interaction patterns do you notice?  
 
C3.A Participants planned for 
and used the TDMs to 
make progress towards a 
• In what ways were you able to use the 
TDMs? What impact did they have on the 
lesson? 
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mathematical or social 
goal. 
• How did students respond to the TDMs? 
Did they respond in expected or 
unexpected ways? 
 
C3.B Participants planned for 
and used discourse and 
communication in 
different contexts in a 
lesson. 
• How can you make use of aspects of the 
communication context (e.g., 
representational resources) to help achieve 
your goals? 
 
C3.C Participants looked for 
evidence of established 
norms in their 
classrooms and revisited 
their belief mappings 
from the introductory 
module. 
• When you choose to talk with your 
students about your expectations, do you 
focus on social norms or mathematical 
norms? 
 
C4.A Participants analyzed the 
small group discourse in 
their classrooms. 
• What do you notice that you find 
interesting about the work your students 
are doing?  
• Why are those observations interesting to 
you? 
 
C4.B Participants analyzed 
how they used student 
data gathered during 
individual or small group 
work to inform 
subsequent teaching. 
• How did your use of TDMs impact the 
work your students were doing? 
• How did your use of TDMs impact the 
mathematical language your students 
used? 
• Note any implications that you feel your 
use of the TDMs had with respect to 
student positioning during their 
independent or small group work. 
 
C5.A Participants mapped the 
connections among ideas 
from a discussion in their 
classroom. 
• What connections do you think came 
through most strongly in the discussion 
and which do you wish would have 
received more attention? 
• In what ways did you use (or could you 
have used) the TDMs to help bring out the 
connections between strategies or ideas? 
• What were some of the positive aspects 
and negative aspects of this whole class 
discussion? 
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Analysis of Connecting to Practice Responses. The purpose of this analysis was 
to identify how the participants described their use of TDMs and discourse in their 
classes during the MDISC course. Codes were created with the research questions in 
mind; all of the Connecting to Practice responses were coded. I first read through all of 
the responses from each participant and identified passages of interest related to teacher 
discourse moves, instructional emphasis, and activity structures. Within these categories, 
codes were established. For TDMS, the codes were Inviting, Probing, Waiting, 
Revoicing, Asking and Creating. For instructional emphasis, the codes were teacher-
centered instruction and student-centered instruction. For activity structures, the codes 
were whole class work, small group work, partner work and individual work. Text was 
coded any time participants wrote about the TDMs, the role of teachers and students, or 
their use of a particular activity structure. The codes and accompanying descriptors are 
described in Tables 3.6 and 3.7 below. 
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Table 3.6: Teacher Discourse Moves Codes (Herbel-Eisenmann and colleagues, in press, 2017) 
 
TDM Description Intended Purposes Examples 
Waiting 
(W) 
Waiting (i.e., using “wait time”) to 
provide students with time to process 
teacher questions and think about their 
responses is critical to PRODUCTIVE and 
POWERFUL discourse. Although 
teachers are probably aware of the 
benefits of waiting after asking a 
question, a lesser-known form of wait 
time (i.e., Wait Time II) involves 
waiting after a student responds. When 
this second form of waiting is added, 
students’ responses can become more 
complex (Rowe, 1986), and students 
may be more likely to respond directly 
to their peers’ contributions. 
Waiting can…. 
• Provide students with time to 
process a question or response 
• Allow students to formulate a 
question about a mathematical topic 
• Encourage broader participation 
• Give the teacher an opportunity to 
consider what move to make next 
• Hold students accountable for 
thinking and doing mathematics 
• Establish a norm that learning takes 
time and students don’t have to be 
fast to be smart 
• [Pause without saying anything.] 
• I want you to think about this 
individually, without saying 
anything yet. 
• After thinking by yourself for a few 
minutes, I will invite you to turn to 
your neighbor and talk with them 
about what you found. 
• Think about this for a few seconds 
and write down any questions that 
you still have. 
• I’ll give you a few minutes to decide 
if you agree or disagree 
Inviting 
Student 
Participation 
(I) 
Inviting student participation can take 
on multiple forms and address a variety 
of goals. For example, a teacher may 
wish to solicit multiple solutions or 
strategies for the same answer. Or a 
teacher may be looking to determine 
the variety of answers at which the 
students arrived. One main goal of 
inviting is to make diverse solutions 
available for public consideration, a 
key practice related to orchestrating 
productive discussions (Smith & Stein, 
2011). Other goals could be more 
social in nature, such as including 
multiple students in the discussion. 
Inviting Student Participation can…. 
• Initiate a discussion 
• Elicit multiple student perspectives 
• Encourage students to listen to and 
respond to other students’ 
contributions 
• Position a student as someone whose 
ideas are worth considering 
• Position a student as an intellectual 
resource 
• OK, who is ready to share their 
thinking?  
• Does anyone have any ideas to 
share? 
• What are you thinking, <student>? 
• So, I have only heard from this side 
of the room. What do other folks 
think? 
• Did anyone solve it a different way? 
• Do you have anything to add to 
<student’s> definition? 
• Let’s hear another argument for this 
option and then I want to hear some 
reasons for the other option. 
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Revoicing 
(R) 
Revoicing occurs when a teacher restates 
or rephrases a student’s contribution. 
More specifically, revoicing has been 
defined as “the reuttering of another 
person’s speech through repetition, 
expansion, rephrasing, and reporting” 
(Forman, Larreamendy-Joerns, Stein, & 
Brown, 1998, p. 531). An essential 
ingredient of what we call “full 
revoicing” lies in the second part of the 
teacher’s contribution (O’Connor, 2009). 
Full revoicing occurs when the teacher 
checks back with the original speaker 
and offers an explicit opportunity for the 
speaker to decide if the teacher revoiced 
in a way that accurately reflected his or 
her thinking. 
Revoicing can…. 
• Amplify or draw attention to an idea 
• Provide more mathematically precise 
or correct language (Language 
Spectrum/Math Register) 
• Clarify a student’s idea 
• Extend or elaborate an idea or 
process 
• Position a student as a mathematical 
thinker 
• Position a student as a mathematical 
doer 
• Set up alignments and oppositions in 
a mathematical argument 
• Mark the value of individual 
students’ thoughts for exploration 
• So the way I’m interpreting what 
you’re saying is… Is that what you 
meant? 
• If we connected your idea to the 
vocabulary from yesterday, we might 
say… Does that fit what you’re 
saying? 
• Let me try to say what I think that 
you are saying… 
• For those of you who may not have 
heard, <student> was just saying… 
Did I get that right, <student>? 
• So, from what I am hearing, 
<student> is saying ____ whereas 
<another student> is saying ____. Is 
that what you each meant? 
• So, it actually sounds like you are 
talking about the same thing. I hear 
<student> saying ____ and <another 
student> is thinking about it as ____. 
These are similar because…, right? 
• So, I heard you say two things: ____ 
and ____. Is that correct? 
• So I think that you just said this 
[writes on the board]. Does this 
accurately reflect your thinking? 
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Asking 
Students 
to Revoice 
(ASR) 
This move is similar to the revoicing 
move described above except that the 
students are asked to do the revoicing. It 
requires that students listen to each other 
and allows students opportunities to 
revoice ideas in their own words. Rarely 
does asking students to revoice involve 
“full revoicing.” 
Asking Students to Revoice can… 
• Amplify student ideas 
• Increase student participation in 
discussions 
• Encourage active listening between 
students 
• Check for understanding of student 
reasoning and mathematical ideas 
• Encourage students to use more or 
less mathematical language or 
precision (Language Spectrum/Math 
Register). 
• Set the stage for students to engage 
with each other’s reasoning 
• Position a student as someone whose 
ideas are worth considering 
 
• Can someone else say that in his or 
her own words? 
• That’s an interesting idea. Can you 
say that again a little louder? 
• Can anyone restate what <student> 
just said using the math terms that 
we have been discussing?  
• What did you hear <student> just 
say? 
• OK, now can you say that again 
without using the word “it?” 
• So you just read the book definition. 
How would you say that in your own 
words? 
• I want you to turn to your partner 
and explain what was just said as if 
you were filling them in on this idea 
after they were absent from class. 
• Can everyone look at what <student> 
just wrote on the board? I want 
someone else to explain her strategy. 
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Probing a 
Student’s 
Thinking 
(P) 
This move is about following up with an 
individual student’s solution, strategy, or 
question. The goal here is to have the 
student elaborate on his/her ideas. For 
example, the teacher might ask “how”, 
“why”, or invite the student to come up 
to the front of the room to provide 
additional information such as a diagram. 
Probing may stem from a teacher’s 
genuine desire to know more about the 
student’s thinking, or it could be used to 
make a student’s thinking explicit for the 
benefit of the other students. 
Probing a Student’s Thinking can… 
• Encourage shifts (in either direction) 
on the Language Spectrum, Math 
Register  
• Allow the learner to transform, 
modify, or correct their contribution 
and thinking 
• Assist individual students in further 
articulating ideas by, for example, 
elaborating, clarifying, justifying, or 
explaining 
• Make a student’s thinking more 
available to other students for 
follow-up 
• Mark the value of individual 
students’ thoughts for exploration 
 
• Why does that work? 
• Why not? 
• How do you know that? 
• Why does that always have to be 
true? 
• Please say more about that last part. 
• Can you tell us why you disagree? 
• Why is that a problem?  
• Can you say a little bit more about 
your thinking? I am not sure that we 
are all clear on what you are trying to 
say. 
• Can you come up to the board and 
show us what you mean? 
• Would you bring your paper up to 
the document camera and show us 
your diagram? 
• I’m not clear on what you mean by… 
Can you say more about how you 
came to that idea? 
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Creating 
Opportunities 
to Engage 
with 
Another’s 
Reasoning 
(ER) 
This move involves asking students to 
engage with another student’s idea. For 
example, the teacher might ask the class 
to use a particular student’s strategy to 
solve a similar problem or to agree or 
disagree with a solution. Another form 
that this move might take is to ask 
students to add on or revise another 
student’s explanation or conjecture. 
Effective use of this discourse move 
could be enhanced by the prerequisite 
use of other discourse moves. It works 
best when students are actively listening 
to each other. 
Creating Opportunities to Engage with 
Another’s Reasoning can… 
• Allow students to take someone 
else’s approach and use it for 
yourself 
• Encourage students to extend 
someone else’s idea, approach, or 
explanation 
• Allow students to agree/disagree 
with someone else’s idea, approach, 
or explanation 
• Allow students to explain 
similarities/differences between 
ideas, approaches, or explanations 
• Encourage students to use more or 
less mathematical language or 
precision (Language 
Spectrum/Math Register). 
• Encourage active listening between 
students 
 
• How are <student’s> and <another 
student’s> strategies similar and 
how are they different? 
• Think about how their explanations 
are similar or different from yours. 
• Do you agree or disagree? Why? 
• <Student> got us started here. Can 
someone continue with <student’s> 
train of thought? 
• What questions do you have for 
<student>? 
• Does <student’s> explanation 
convince you? Why or why not? 
• OK, let’s all think about 
<student’s> idea. Where would 
people like clarifications from 
<student>? 
• So far <student> has given us a 
graphical interpretation. <Another 
student> has given us a way to 
think about this algebraically. Do 
you have a preference for one 
method over another? Why? 
• In what situations do you think that 
<student’s> method would be more 
efficient than the one we discussed 
yesterday?  
• Is anything missing from  
<student’s> definition? 
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Coding the TDMs in the participant’s observed lessons was a starting point to 
understanding how the teachers were trying to use the TDMs in their instruction. A tally 
of the TDMs was helpful for determining whether the participants were using TDMs 
however, that information alone did not demonstrate whether the use of TDMs was 
powerful or productive. The use of TDMs was also considered in conjunction with 
particular activity structures and when the TDMs were used. For example, whether the 
TDMs were used when students were working in small groups, or the participant was 
establishing classroom norms, emphasizing a procedure, or helping students make 
mathematical connections. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
8
2
Table 3.7:  Connecting to Practice Categories and Codes  
 
Category Description Codes Examples from Connecting to Practice 
Responses & Interviews 
Teacher 
Discourse 
Moves 
(TDMs) 
Actions teachers can use to promote 
classroom discourse (Herbel-Eisenmann, 
Steele, Cirillo, 2013) 
• Inviting 
• Probing  
• Waiting  
• Revoicing  
• Asking  
• Creating 
• I plan to try more teacher revoicing 
and student revoicing. I think it will 
help some of my struggling students. 
• The one TDM that I don’t believe I 
have ever tried is asking students to 
revoice. 
Instructional 
Emphasis 
Instruction where most of the cognitive 
demand lies with the teacher is referred 
to as teacher-centered. The teacher is 
doing most of the mathematical thinking. 
The teacher is the source of mathematical 
knowledge and authority. For example, 
lecture and direct instruction are 
considered teacher-centered (Arends, 
2012).  
 
Instruction where most of the cognitive 
demand lies with the students is referred 
to as student-centered. The students are 
doing most of the mathematical thinking 
and they are positioned as knowers and 
doers of mathematics. Students express 
mathematical ideas and these ideas are 
discussed to shape the lesson. For 
example, inquiry-based teaching and 
classroom discussion are considered 
• Teacher-centered 
 
 
 
 
 
 
 
 
 
 
 
 
• Student-centered 
 
• I tend to do more full class discoveries 
where I’m at the board but the kids are 
helping me. 
• I wanted to emphasize the idea that the 
wonderings and ideas should be 
coming from the students themselves. I 
am not the only source of information. 
• They need to listen to their classmates, 
they need to ask questions to me and 
their classmates...they can’t just sit 
there and let the class happen around 
them. 
• It’s really important to have a student-
centered classroom... the teacher is just 
a facilitator. 
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student-centered (Arends, 2012). 
Activity 
Structures 
 
“The things students can be observed 
doing,” (Arends, 1991, p. 101). Activity 
structures are the different ways students 
participate and work on mathematics in 
the classroom.  
 
• Whole class work 
• Small group work 
• Partner work 
• Individual work 
 
• I tried to put students into groups with 
students who appear to be “like-
minded.” 
• [students have] to be able to 
communicate within a large group. 
• I do a combination of small group 
versus larger group discussions... 
• [students] have no problem answering 
questions in a small group, it’s just 
large groups that they have more 
difficulty  
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The category, TDMs, and codes were used to analyze the Connecting to Practice 
responses. First, I checked to see if the participant was using the particular names of the 
TDMs as they were defined. For example, one participant mentioned her use of 
revoicing. However, when she described the TDM further, she went on to describe the 
TDM, asking. Second, I noted whether or not the participants described their use of the 
TDMs. If the participants had used a TDM, the ways in which they described their use of 
the TDM was recorded: for example, terms such as challenging or easy, productive or 
unproductive, and spontaneous or planned were noted. Also participants’ reported level 
of success when they implemented the TDMs in their lessons was recorded. 
The category, instructional emphasis, had two codes: teacher-centered and 
student-centered. Teacher-centered was when participants’ descriptions suggested that 
most of the cognitive demand in a lesson or when solving a problem belonged to the 
teacher. Phrases that received this code included: “teacher delivers knowledge (or 
lectures), teacher explains, teacher answers questions, and students listen to the teacher.” 
One example of a phrase that was coded “teacher-centered” was in a response to 
Connecting to Practice C2.A, “Often I will say ‘good’ or something similar when a 
response is correct or what I am looking for.”  This statement implies teacher-centered 
instruction because the teacher is positioned as adjudicator of correctness rather than 
encouraging students to take on that role. 
The code, student-centered, was assigned when participants’ descriptions implied 
that students should be carrying the cognitive load or they described actual learning 
situations where the students were thinkers and doers of mathematics. Phrases that 
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suggested a student-centered emphasis were: “students as teachers, students ask and 
answer questions, students discover, students explore, students collaborate, students 
explain, students listen to each other, teacher facilitates and teacher listens.” Similar to 
the teacher-centered category, I analyzed the Connecting to Practice responses for how 
participants described their instruction in the classroom. For example, one participant 
wrote in her Connecting to Practice C3.A response, “I really wanted the ideas to come 
from the students and I wanted the other students to put value on what was being said and 
to listen closely.” This was coded as student-centered because the participant wanted the 
students to do most of the mathematical thinking and be positioned as knowers and doers 
of mathematics. Furthermore, the participant’s comments implied that the students would 
express mathematical ideas and these ideas would be discussed to shape the lesson. It is 
important to note that this category of codes was used to identify how participants were 
thinking about instruction and may or may not have been indicative of actual practice.  
The category activity structures focused on participants’ descriptions of the 
different ways they had students participating and engaged in the classroom. Whole class 
work, small group work, pairs, and individual work were used to code the transcripts. 
Small group work consisted of students working together in groups of three to five 
students. After coding the activity structures that participants discussed, I next examined 
how participants described their use of the different activity structures. Finally, whether 
participants considered the influences of different activity structures on the classroom 
discourse was examined. For example, one participant discussed that she had transitioned 
from having her students work individually during class and being seated in rows to 
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having students work in pairs. She described that when students worked in pairs they 
were held most accountable for discussing mathematics. She also reported that she could 
more easily see the students who were talking than when students worked in small groups 
where it was more difficult to tell whether students were participating in the group 
discussion or just listening to it. 
In addition, participants’ comments on specific things that supported their 
facilitation of discussions and the TDMs as well as things they felt constrained their use 
of discussions and the TDMs were recorded. The factors participants described as 
supporting or challenging their use of discussions and the TDMs would provide insight 
into their motivation or lack of motivation to implement discussion into practice.  The 
different things that might have supported participants’ use of TDMs and discourse 
included: the MDISC course, post-observation VSR interviews, level of the course 
(Honors), the ways participants originally learned to teach, previous experience with 
using the TDMs, and incorporating TDMs from beginning of school year. The things that 
might have made it challenging for participants to facilitate discussions and implement 
the TDMs included: level of the course (CP2), limited time, particular students 
dominating discussions, learning to teach as a “traditional” teacher, and the level of 
experience teaching particular content. For example, a participant stated “it’s hard for me 
to [use TDMs] when you’ve been trained as a traditional teacher.” She felt her previous 
teacher training where she learned to present material to students in a clear, logical 
manner was an obstacle to her using the TDMs in instruction. 
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Interviews. Three sets of semi-structured interviews were used in this study: 
initial and final interviews, pre-observation interviews, and post-observation VSR 
interviews. Each participant was involved in the initial and final interviews, four pre-
observation interviews, and four post-observation VSR interviews. The initial interview 
occurred prior to the classroom observations but after the MDISC course had ended and 
lasted approximately 15 minutes. Then prior to each classroom observation, the pre-
observation interviews were conducted and these lasted between 2 and 14 minutes. The 
final interview was conducted within two and one-half weeks of the final classroom 
observations and lasted about 15–20 minutes. In addition, four classroom lessons were 
observed and video-recorded for each of the case studies. Then four post-observation 
VSR interviews were conducted between one and ten days after the corresponding 
classroom observation. Both the participant and I watched and discussed the video of the 
observed lessons together. These post-observation VSR interviews lasted approximately 
30 minutes. 
There were eight questions posed to all participants in the Initial Interview. 
Questions 1 – 4 were modified from Jansen’s (2006) survey of seventh graders’ beliefs 
and motivations for participating in discussion-oriented lessons. Questions 5 – 8 were 
designed to help answer the first research question in this study. The initial and final 
interview questions are provided in Tables 3.8 and 3.9 below. 
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Table 3.8:  Initial Interview Questions  
 
Question # Interview Question 
1 
If a new student joins your class,  
 a) what would you tell the student he/she needs to do to be 
successful in your class? 
 b) what do you think your current students would tell their new 
peer he/she needs to do to be successful in your class? 
2 
Say that your school needed to hire a new math teacher and you were 
on the hiring committee. What would you look for in this new 
teacher? 
3 
Are the students who are enrolled in your classes more likely to 
participate in a discussion orally or listen to a discussion silently 
during class? Why? 
4 
Imagine that one of the students enrolled in your class contributed an 
incorrect answer during a class discussion. What would your 
reaction be? Explain why. 
5 
What do you think about productive and powerful discussions in your 
classes? 
6 Describe your use of the TDMs in your classes. 
7 
Did the professional development course influence your beliefs about 
using TDMs in your classes? If so, explain how. 
8 
Did the professional development course influence your teaching in 
your classes? If so, explain how. 
 
 The final interview asked the eight questions above and added nine additional 
questions. Questions 9–17 were included to learn how participants were using the TDMs 
and discourse in instruction. 
Table 3.9: Additional Final Interview Questions  
 
Question # Interview Question 
9 
What TDMs, if any, do you plan to use in your practice in the future? 
Explain. 
10 What was your reason for using each of the TDMs? 
11 
Was your use of the teacher discourse moves planned, or more 
spontaneous? 
12 
What factors influenced your use of the TDMs? What factors supported 
your use of teacher discourse moves, and what factors would you 
say put constraints on your use of teacher discourse moves? 
13  Do certain classes or lessons lend themselves to the use of teacher 
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discourse moves more than others? 
14 
What was your use of the teacher discourse moves like on the days I 
didn’t observe your class? 
15 
What was your use of the TDMs like in the other courses that I didn’t 
observe? 
16 
Did you notice any changes in your students this year since you used 
the teacher discourse moves? 
17 What is your plan for use of teacher discourse moves next year? 
 
The pre-observation interviews were conducted three to five days prior to the 
classroom observation. In each pre-observation interview, participants were asked to 
describe their lesson plan within the context of the unit of study. Next, they were asked to 
describe the mathematical goal(s) and social goal(s) of the lesson. Then participants were 
asked to describe the TDM(s) they planned to use. The focus on particular TDMs was 
consistent with one of the primary objectives of the MDISC course — for teachers to 
learn about powerful and productive discourse in order to be more purposeful about their 
discourse practices. Finally, participants were asked to explain why they chose that 
particular lesson for the observation. 
Post-observation VSR interviews were conducted after each of the four classroom 
observations. Speer’s (2005) procedure was used for preparing the three post-observation 
VSR interviews. These interviews used a VSR interview process. Before watching the 
video-recordings with each participant, I previewed the recording and noted the instances 
where participants used TDMs and engaged students in whole class discussions. I also 
noted times where the participant could have used TDMs but did not. When I watched the 
video with the participant, the participant was instructed to pause the video if there was 
something she wanted to address or talk about. Otherwise, sections of the video were 
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skipped if I did not have anything to ask about. Instances where the participant opened up 
or closed down the whole class discussions were noted and I asked the participant to talk 
about what was happening at those times. Jansen (2006) called these instances of opening 
up or closing down discussions: “supporting participation” and “constraining 
participation.” While the participant and I watched the classroom episode, the participant 
was asked to describe what was occurring during the lesson and identify any TDMs she 
used. Furthermore, the participant was reminded that she had an opportunity to pause the 
video and comment on anything that she found interesting, surprising or worth noting.  
The video-recordings of the observed lessons were used as a prompt for this set of 
interviews. As the participants watched the video clips of their lessons, they were asked 
the following questions, shown in Table 3.8 below. I would pause the video to ask 
questions about specific episodes. 
Table 3.10: Post-observation VSR Interview Questions 
 
Question # Interview Question 
1 
Explain what you wanted the students to get out of this 
lesson/activity/discussion). In other words, what was your 
mathematical goal? What was your social goal? 
2 What happened in this episode? 
3 Did anything surprise you? 
4 
Identify any TDMs you used or if you see opportunities where you 
could have used a TDM. 
  
 Throughout the post-observation VSR interviews, participants were asked about 
any other instructional decisions that appeared to have been relevant to the objective of 
this study and why those decisions were made. For example, one participant reported that 
she never arranged her students in small groups and I asked her to explain why. Her 
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reason was based on the social nature of her class rather than mathematical 
considerations. 
These post-observation VSR interviews were used for the purpose of checking 
and building a shared understanding between each participant and me of what was 
occurring during the lesson. The participant and I discussed the terms used by the 
participant to represent their practices until I understood the participant’s point of view. 
Speer (2005) defines shared understanding to mean “participants have had opportunities 
during interviews to share their meanings of particular descriptive terms and to connect 
them with examples from their practice as captured on the videotape” (p. 378). For 
example, when Ms. Willow was asked if she was using any TDMs at a particular moment 
during the post-observation VSR interview, she replied by saying “Yeah, I mean, the 
whole idea, of discussing it and then sharing, is that a particular discourse move or not?” 
Ms. Willow’s comment suggested some confusion surrounding her understanding of the 
TDMs. However, we agreed that while she may not have been using any particular TDM, 
she was opening-up the discourse to the students and giving time for students to process 
the mathematics being discussed.  
 
Analyses of Interviews. The analysis of data from the interview transcripts was 
similar to the analysis of the data from the Connecting to Practice responses.  The same 
three categories used to code the Connecting to Practice responses were used to code all 
of the interview transcripts: TDMs, instructional emphasis and activity structures. These 
categories and codes, and accompanying descriptors are described in Tables 3.4 and 3.5. 
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The purpose of this coding was to identify how the participants described their use of 
TDMs and discourse in their classes as they were initially using them in the months 
following the MDISC course. Instances where participants described supports and 
constraints to their use of discussions and more specifically the TDMs during their 
interviews were also noted and reported in the same way as it was described in the 
“Analyses of Connecting to Practice Responses” section. 
 
Classroom Observations. The three case study participants were each observed 
teaching one of their courses four times after the MDISC course ended. Since my role in 
this study was both instructor for the course and researcher, all observations occurred 
once the participants’ grades for the MDISC course had been submitted. This was an 
attempt to limit my personal influence on the subjects’ teaching or acceptance of my 
invitation to participate in the study. One objective was to observe each participant 
teaching lessons where they used TDMs. Participants were asked to choose lessons in 
which they were planning to use mathematics discourse and more specifically, student 
talk. Classes were also chosen that did not have distractions due to holiday schedules, 
assemblies, or tests.  
The first set of classroom observations occurred approximately one month after 
the MDISC course ended. The remaining three classroom observations occurred over an 
eight-week period.  Each classroom observation lasted the varying lengths of the class 
periods; between 35 and 55 minutes. There was one video camera stationed on a tripod in 
the back of the classroom; the participant wore a wireless microphone and there was an 
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additional microphone stationed across the classroom from where the video-camera was 
located in an attempt to record student voices. Since this study focused on teachers, all of 
the participants’ talk was audible; the camera primarily followed the participants as they 
moved around the classrooms. However, only some of the student talk could be heard on 
the recordings.  
Following the observations, the video recordings were transcribed. The transcripts 
were organized by turns — an uninterrupted utterance by one person. When a new person 
said something, it was considered a different turn. The person associated with the turn 
was named (e.g., teacher, student 1, student 2), and each turn was assigned a number. 
Classroom artifacts such as student handouts from the lesson observations were collected 
and linked to specific turns where appropriate.  
 
 Coding Scheme for Classroom Observations. Using the transcripts of the 
observations, I coded what occurred. Codes from the three categories described earlier 
were used: TDMs, instructional emphasis, and activity structures. See Tables 3.4 and 3.5.  
If participants used IRE in instruction, this also was recorded. While some turns had no 
codes, others received multiple codes. For example, a participant may have invited and 
waited before a new person spoke. The codes were used to create a narrative of 
participants’ use of discussions and TDMs. 
The transcripts were first coded for the activity structures. I noted the different 
types of activity structures that were used in each lesson as well as the number of minutes 
spent in each activity structure and then converted the minutes to a percent of the total 
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class time. The activity structure codes were: whole class work with sub-codes (whole 
class lecture, whole class discussion, whole class student presentation, and whole class 
other), small group work, partner work, individual work. The code, whole class work, 
meant the entire class was being addressed by a speaker who could be the teacher or a 
student. The sub-code, “whole class other,” referred to non-instructional time such as the 
discussion of a non-mathematical topic. Small group work was used to represent times 
when students were working together in groups of 3–5 on mathematics problems. The 
code, partner work, was used when students were working together in pairs on 
mathematics. Individual work was the code used to represent time in the classes when 
students were working on mathematics and not collaborating with others. Individual work 
did not include the time students were given to think individually before collaborating 
with other students during a structure such as a “think-pair-share.”  
Second, I coded the transcripts for participants’ use of the TDMs using the TDM 
codes and definitions from the MDISC course materials. Although the TDMs are an 
alternative to the typical IRE discourse pattern found in classes, participants’ use of IRE 
was also coded. The TDM codes used were: waiting (waiting), inviting student 
participation (inviting), revoicing (revoicing), asking students to revoice (asking), probing 
a student’s thinking (probing), and creating opportunities to engage with another’s 
reasoning (creating). The TDM codes, definitions and examples are summarized in Table 
3.6. In the video recordings of the classroom observations some of the student voices 
were inaudible. This is one reason data were not analyzed to determine whether students’ 
responses to the TDMs furthered their mathematical thinking. However, it was possible 
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to determine if the TDMs were being used as designed.  
I attempted to determine if participants’ use of the TDMs was productive as 
defined by Herbel-Eisenmann and colleagues (in press, 2017). However, since all of the 
TDMs were not planned for in advance, the intended purposes of the TDMs could vary 
depending on participants’ objectives, and it was difficult to determine whether the 
participants’ use of TDMs was productive. For example, when a teacher asks students 
“could anyone add on to what was just said...?” this could be considered inviting or 
creating. Thus, to more accurately determine which TDM the participants were using, I 
took the surrounding context of the classroom discussion into consideration. I coded 
every attempt participants made to use the TDMs. If a TDM was used and the participant 
used the same TDM again because students did not respond to the first attempt, those two 
TDMs were only coded once. Waiting was only coded if participants explicitly said they 
were “waiting” to give students time to think or after participants asked a question and 
then waited for three or more seconds. It was unclear whether participants used waiting 
after a student made a comment (i.e., wait time 2) because the participants’ possible use 
of waiting after a student spoke could have been unintentional and also since the 
students’ voices are not always audible, it is unclear when the potential waiting began or 
when the student speaking ended. Therefore, this particular use of waiting was not coded.  
Since the primary purpose of using the TDMs is to open up space for students to 
participate in productive and powerful ways, I noted whether each TDM was followed by 
student talk that responded to the TDM, if there was no response to the TDM, or if it was 
unclear whether the students spoke after the participants used the TDM. In addition, 
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participants’ use of the TDMs in particular activity structures was examined.  
The third category, instructional emphasis, was used to code whether participants’ 
were providing students with opportunities to do the mathematical thinking and doing or 
whether the mathematical thinking and doing remained in the hands of the participants. 
The two codes for this category were: teacher-centered and student-centered. The code, 
teacher-centered, was focused on instances where participants maintained the cognitive 
load and presented themselves as the primary knowers and doers of mathematics in their 
classroom. The descriptors for this category were considered when participants explicitly 
stated these as expectations, when participants engaged in particular behaviors, and also 
when considering the activity structures: teacher as deliverer of knowledge or lecturer, 
teacher explains, students are expected to ask the teacher questions, teacher answers 
questions and students are expected to listen to the teacher and do mathematics as she 
indicates. The code, student-centered, was focused on occurrences where participants 
encouraged students to carry the cognitive load and were expected to be the knowers and 
doers of mathematics. This code encompassed the following descriptors where 
participants explicitly stated them as expectations or the students and participants were 
actually engaging in these actions: students behaved as teachers, students asked and 
answered questions, students discovered, students explored, students collaborated, 
students explained, students listened to each other, teacher explicitly listened to students, 
and teacher facilitated discussion of student ideas.  
Activity structures, when possible, were coded as either being teacher-centered or 
student-centered. While particular activity structures tend to be supportive of 
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instructional emphasis, student participation in a particular activity structure does not 
automatically imply a particular instructional emphasis. For example, student 
collaboration is supported by students working in small groups. However, if a participant 
had students working in groups and the students were solving routine problems and 
practicing a skill following the teacher’s instructions, this was not coded as student-
centered. Students had to be actively doing mathematics such as discovering a theorem or 
exploring a concept for the group-work to be coded student-centered.  
Researcher Positionality. My roles in this study in relation to the participants 
consist of colleague, instructor of the MDSIC course, and researcher. When data were 
collected, I had been teaching mathematics at the same school as the participants in the 
study for ten years. At this time, participants were learning to teach from new curriculum 
materials, had undergone a recent transition to a new department leader, and were 
experiencing pressures from parents within the community; I was undergoing the same 
experiences. Furthermore, I was the cooperating teacher for one of the participants when 
she was doing her student teaching practicum five years prior. Due to the strong work 
history between the participants in this study and myself, I am confident that we were 
interacting in an honest and unthreatening manner. Although participants requested 
feedback on their use of discussions as the study progressed, I consistently reminded the 
participants my role was not that of an evaluator and refrained from judging their efforts 
to facilitate discussions. As a mathematics teacher and teacher educator, I believe that 
teachers’ voices need to be heard. Researchers need to take into consideration the 
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different perspectives and challenges teachers are faced with when trying to change their 
practice (Mendez, Sherin, Louis, 2007).  
 
Section III: Methods of Data Analysis 
The two purposes of this study were first, to learn how three high school 
mathematics teachers who participated in a professional development course focusing on 
discourse described their use of discussions and the TDMs and second, how they used 
discourse and more specifically TDMs in their practice. The methods of analysis used to 
answer the research questions are presented here.  
Question 1: 
How do three high school mathematics teachers who participated in a professional 
development course on mathematics discourse describe their own use of Teacher 
Discourse Moves (TDMs) as well as their own facilitation of discussion in their classes?  
 The data from the Use of Discourse Surveys, Connecting to Practice responses, 
and transcripts of all interviews was used to address the first research question. First, I 
read through the written data and noted any instances when the TDMs and discourse were 
written about. Then, I coded the participants’ responses from the surveys and Connecting 
to Practice responses according to the criteria described in Section I. Next, I transcribed 
all interviews and also coded those using the criteria described in Section I. I re-read the 
written data and transcripts each time noting whether the TDMs and discourse were 
discussed in a positive or negative way and any instances when the participants 
mentioned supports or constraints to their use of TDMs and discourse. Expectations, 
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change in practice, and the role of the teacher and student were themes that emerged as I 
read through the participants’ data. As each theme emerged, I re-read the data and re-
coded to incorporate the developing themes. A narrative for each participant was then 
written presenting their descriptions and beliefs about the use of discussions and TDMs 
in their practice. Furthermore, changes in the ways participants described their use of 
discussions and TDMs prior to or post participating in the VSR interviews or from the 
first survey to the last, were included in the narratives. 
 After writing the narratives describing how each participant discussed their use of 
TDMs and discourse, I compared the participants to each other. I looked for patterns in 
the ways they reported their experiences with the TDMs (as well as other aspects of the 
MDISC course such as activity structures or beliefs), the ways they noticed their students 
interacting with the TDMs, and the supports and constraints they believed influenced 
their use of TDMs and discourse. Using a matrix to organize the findings among all three 
cases, I was able to notice any patterns or nuances that emerged. 
Question 2: 
How do three high school mathematics teachers who participated in a professional 
development course focusing on mathematics discourse facilitate discussions and, more 
specifically, use the Teacher Discourse Moves in their instruction? 
 Data from the four observed lessons were used to address the second research 
question. I transcribed the video recordings of the lesson observations. I read through the 
transcripts and in conjunction with my field notes I coded the lessons according to the 
methods described in Section I. To code the TDM, waiting, I re-watched the recorded 
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lessons and noted instances where the participants paused after asking a question or 
explicitly said they were providing students with time to think before sharing out to the 
rest of the class. I re-read the transcripts another time to note instances where participants 
made expectations transparent to students or where they could have used a TDM but did 
not. Furthermore, using the participant responses to the pre-observation and post-
observation VSR interviews I was able to confirm or support participant descriptions with 
data from the observed lessons. The categories and codes from these data were used to 
write a narrative describing how participants used discourse and TDMs in their 
instruction.  
 Once the narratives were completed, I examined the data looking for patterns or 
trends across all three participants. I noted similarities and differences in the ways the 
teachers were using TDMs and discourse with their students. Additionally, I analyzed the 
different activity structures used, the purposes participants had for using particular 
TDMs, and the ways in which the participants struggled to facilitate productive and 
powerful mathematical discussions. 
Interaction Between the Two Questions 
 Although each of the two research questions provide valuable information and 
contribute to the scarce research on high school mathematics teachers’ perceptions and 
use of discussions focusing on TDMs, the two research questions are more powerful 
when studied together. Each of the narratives reported on changes participants described 
and the reasons for changes to their practice and beliefs. Additionally, I also described the 
changes to participants’ instruction that I observed. I reported any similarities and 
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inconsistencies between the participants’ descriptions of their practice and their practice 
as I analyzed it. Moreover, possible reasons for these discrepancies are provided. 
Although the sample is small and the results cannot be used to generalize about all 
secondary mathematics teachers’ use of TDMs or beliefs on the role of discourse in 
classes, trends and common themes across all participants were noted. Furthermore, the 
findings provide insight into this complex topic, expanding on previous research 
predominantly at the elementary and middle school levels. 
Summary. In this chapter, the instruments, sample, MDISC course and methods 
of analysis were discussed. This study was designed to examine how high school 
mathematics teachers describe and facilitate discussions and more specifically the TDMs 
in their practice after participating in a professional development program focusing on 
discourse. To accomplish this goal, I taught the MDISC course to secondary mathematics 
teachers. Three of the high school teachers who completed the course were selected as 
case studies. The participants and the MDISC course are described in Section II.  
The Use of Discourse Surveys, Beliefs Mappings, Connecting to Practice 
responses, interviews (initial and final interviews, pre-observation interviews, post-
observation VSR interviews), and classroom observations were the data sources used for 
this study. With the exception of the Likert scale questions on the Use of Discourse 
Surveys, all data was coded qualitatively. The Use of Discourse Surveys, Beliefs 
Mappings, Connecting to Practice responses and interviews were coded to describe how 
participants understood their beliefs and use of discussions and TDMs as well as their 
perception of what influenced their practice and beliefs. The transcripts of lesson 
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observations were used to examine how participants were using discourse and TDMs. 
Finally all data sources were synthesized in order to compare participants’ descriptions 
with their actions related to discourse. After the narratives were developed to present the 
findings of each participant in this study, data from participants’ descriptions and lesson 
observations were analyzed to illuminate any trends or patterns.                
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CHAPTER IV: CASE STUDY DESCRIPTIONS AND OBSERVATIONS 
 
In this study I examined how three high school mathematics teachers used 
discourse and TDMs in their classes as well as how they described their use of 
discussions and TDMs. I used data generated during the MDISC course, from participant 
interviews, from the four lesson observations and from the video-stimulated interviews 
conducted following each observation to address the following questions: 
1)  How do three high school mathematics teachers who participated in a professional 
development course on mathematics discourse describe their own use of Teacher 
Discourse Moves as well as their own facilitation of discourse in their classes?  
2)  How do three high school mathematics teachers who participated in a professional 
development course focusing on mathematics discourse facilitate discussions and 
more specifically use the Teacher Discourse Moves in their instruction? 
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CASE I: MS. PIKE 
Introduction 
 In this section, I present how Ms. Pike facilitated discussions and described her 
use of discussions in one of her sophomore honors-level classes. The section is organized 
into four sub-sections. Each sub-section addresses both of my research questions by first 
reporting on how Ms. Pike described her use of discussions and TDMs and then what I 
observed during the four lessons. To provide some context of who Ms. Pike is as a 
teacher throughout the study, I first report how Ms. Pike demonstrated her commitment 
for learning about discourse. Second, I describe how her expectations and her instruction 
evolved throughout the study. Third, I report on her knowledge and facilitations of 
discussions and more specifically, the TDMs. Fourth, I discuss why changes to Ms. 
Pike’s instruction did and did not occur.  
 
Ms. Pike’s Motivation for Learning about Discourse and TDMs Was to Strengthen 
Students’ Mathematical Understanding  
 Ms. Pike’s motivation to change her practice was not predicated on administrative 
pressure for professional advancement. At the time of the study she had a Master’s 
degree plus maximum credits as defined on the system’s pay scale such that earning more 
credits would not increase her salary. She had professional status as she had been 
teaching for 26 years and thus there was no work-related pressure on her to take the 
course. Ms. Pike expressed a desire to help students develop a deeper understanding of 
mathematics and she believed it was possible to do this if she improved her teaching by 
  
 105
participating in a professional development course. Her comments and behaviors 
throughout the study supported the authenticity of her statements.  
At the beginning of the MDISC course Ms. Pike expressed excitement to learn 
about the use of discussions in mathematics classes. She commented early on that she 
called her daughter, a prospective teacher, to share what she was learning in the course. 
She believed in the role of professional development in informing her practice as she 
stated on her beliefs map. This belief might have predisposed her to consider taking the 
course to learn more about using discussions in instruction, but her initial beliefs map did 
not mention that discourse was important when teaching mathematics. While the 
statements on the beliefs maps Ms. Pike created during the course are not necessarily a 
list of beliefs, they are indicative of certain beliefs she held about teaching mathematics. 
Her statements: “collaboration with other professionals,” “open to new ideas,” and 
“evolving through professional development” imply Ms. Pike believed in professional 
development and teacher growth. At the end of the course, when Ms. Pike was asked to 
explain what she believed were benefits to classroom discussions, she wrote that they led 
to students’ improved understanding of mathematics (Final Use of Discourse Survey). 
This response illustrated her focus on improving her practice to increase student learning. 
A snapshot of her final beliefs map is shown in Figure 4.1.1 on the next page. 
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Figure 4.1.1: Ms. Pike’s Final Beliefs Map 
Ms. Pike’s Final Beliefs Map 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Supporting her focus on improving her practice, Ms. Pike explained that she 
chose particular lessons for me to observe to satisfy her own agendas. Although I asked 
Ms. Pike to allow me to observe particular lessons where she intended to facilitate 
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discussions to address my own research questions, Ms. Pike was selecting lessons with 
the purpose of watching herself try particular aspects of discourse she was working on for 
her own personal reasons. She was searching for and using the lesson observations as 
opportunities to reflect on her own practice and student discourse. For example, Ms. Pike 
explained that she chose a particular lesson for her third lesson observation because the 
students would be working in groups and the class would be working together as a large 
group. She said this would give her an opportunity “to see different types of interactions, 
and for [her] to incorporate different types of teacher discourse moves [in the] small 
group or large group” (Third Pre-observation Interview).  
 In summary, Ms. Pike did not appear to enroll in the course to learn explicitly 
about discourse or TDMs. Rather, her motivation for learning about discourse and TDMs 
was to strengthen her students’ understanding of mathematics. She believed that this 
could be accomplished through enhancing her instruction through the use of professional 
development.  
 
Shifts in Ms. Pike’s Instruction and Expectations as New Practices were 
Implemented 
 Prior to the start of the MDISC course Ms. Pike was a very traditional teacher. 
Through interviews Ms. Pike indicated that she had students seated in rows working 
individually for a portion of every class. She prided herself on providing clear 
explanations and well-organized lectures. Ms. Pike said that she only called on a “select 
few students who consistently participate” to respond to her questions. She would “move 
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on” after she heard the response she was looking for. She never used group work or 
student presentations. Every class she gave students a handout with examples they 
worked on under her direction. The handouts also included problems for students to solve 
individually. Thus in her classes there was very little student participation except when 
she asked direct questions. Ms. Pike described her teacher training as “traditional” and 
that it did not include how to facilitate or support student discussion. 
In this section, I report on how Ms. Pike’s instruction and expectations changed. 
While the course was primarily about discourse, other themes and topics were included 
such as positioning students as knowers and doers of mathematics and how students 
communicate when participating (formally, informally, gesturing etc...) in different 
activity structures. Ms. Pike embraced these themes while other ideas about discourse 
such as TDMs did not appear to resonate with her. When asked to reflect on her initial 
use of activity structures, student positioning, and TDMs, Ms. Pike only wrote about 
activity structures and student positioning in her classes. Some of her other reflections 
indicated her concerns about some of the instructional approaches she was learning about 
in the course. Ms. Pike stated that if she had a class discussion in mathematics that 
particular students would dominate while other students would be afraid to speak. But she 
also started to write about different solutions to this problem. For example, she 
conjectured that providing wait time would enable more students to participate. She also 
conjectured that having students revoice each other’s contributions would increase 
participation. Since Ms. Pike was not taking the course for credit, she did not respond to 
all of the Connecting to Practice written assignments as others did throughout the course. 
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Thus, what influences the course had on her beliefs about the use of different activity 
structures, student positioning, and TDMs were not well-captured. Ms. Pike did complete 
the Use of Discourse Surveys and Beliefs Mappings.  
Ms. Pike’s beliefs maps provide some insight into how her views of instruction 
and the role of students were developing. On her beliefs map she was asked to write what 
was near and dear to her heart about teaching mathematics. Her initial beliefs map 
focused on her beliefs on the importance of teacher learning and professional 
development. Her final beliefs map included more statements about what students and 
teachers should be doing during instruction. She indicated that she should be “listening to 
students” and “asking students ‘why’ or to ‘explain.’” Furthermore, she wrote that 
students should be explaining their ideas through speaking and that she valued students 
restating other students’ ideas. 
Ms. Pike’s evolving views of activity structures and student presentations was 
further shared during interviews. Prior to the MDISC course, she reported using activity 
structures such as individual student work and lecture the majority of the time.  But by 
the completion of the course, she was regularly promoting the use of small groups during 
instruction. First, she stated that she now believed that students needed to be active 
participants. When asked what she meant by “active participation” she responded, “be 
able to have conversations with people in small groups, be able to communicate within a 
large group, be able to answer questions from [her] and/or their classmates” (First 
Interview). She stated that her role as a teacher was to “facilitate learning.” She indicated 
that part of being a facilitator meant supporting students’ agency as well as the 
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importance of them doing the mathematics. Furthermore, she wrote about how she 
rearranged her classroom so that students were working in pairs or in small groups; she 
liked to group students in pairs in order to hold students more accountable for 
participating in the mathematical activity. In fact, she created new groups for students 
that were designed, “so that students are more comfortable participating within groups.” 
During the course, Ms. Pike said she arranged students in mixed ability groupings but she 
was experimenting and she wrote that she also “tried to put students into groups with 
students who appear to be ‘like-minded’” (MDISC Journal). Using small groups was a 
new experience for Ms. Pike that she began using during the course, but one that she 
seemed to embrace. 
While Ms. Pike was making an effort to create more student discourse in her 
classroom, changing one’s instructional practice is a difficult task (Sowder, 2007). Four 
lesson observations and six interviews is not enough data to determine whether a teacher 
has changed her instruction indefinitely or long-term. However, these data provide some 
evidence of changes to Ms. Pike’s instruction at least in the short-term.  
The activity structures that Ms. Pike was observed using focused on greater 
student participation. In all four observations, students spent a significant amount of time 
working in groups. In fact, about 54% of the time was spent with students working in 
small groups. Only 6% of the four lesson observations included individual student work. 
The desks were arranged in groups of three or four which was a major change from 
previous arrangements. Students were expected to work together, discuss mathematics 
with each other and explain their reasoning. While students worked in groups Ms. Pike 
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circulated the classroom, monitored the group work and interacted with the students, by 
both asking and answering student questions. Ms. Pike made the following comments 
during the lesson observations, which provide evidence of her efforts to have students 
collaborate in groups. 
• “Direct questions at the group by raising your hand, if you have any questions for 
them.” (Lesson Observation 1) 
• “It is expected again that you are going to work with the members of your group 
to solve this problems. So, I am not going to say anything about this formally, I 
want to see what you can come up with by sharing your knowledge with the 
members of your group.”  (Lesson Observation 1)  
• “You may now turn your desks around to get into your groups.” (Lesson 
Observation 4) 
The activity structures observed in the four lesson observations were consistent 
with Ms. Pike’s comments from the initial interview where she reported that she had 
changed the activity structures that she used since participating in the course. She used 
group work, she minimally lectured and she did not have students work individually 
while seated in rows. One example of how Ms. Pike used group work to encourage 
student-student talk was seen in the first lesson. First, the format of Ms. Pike’s lesson was 
designed to foster student talk. She had the students explore a topic in small groups with 
the intention of deriving and motivating the need to use the logarithm function. Students 
were asked to call on one another and explore the different ideas they generated within 
their small groups. Ms. Pike had students ask each other questions and required student to 
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explain what other students were doing in their small groups. These actions led to 
considerable student-student talk.  
Classroom observations also revealed that Ms. Pike was developing a 
collaborative classroom environment. She made comments throughout the lesson 
observations that encouraged students to work together and explain their mathematics to 
each other. For example, she told her students to: “work with the members of your 
group,” “discuss with your groups,” and “explain to the class.” In the first lesson 
observation she did this six times, then in the second lesson she did this eight times and 
then eleven times in both the third and fourth lesson observations. Through her 
questioning, norms were being established that expected students to work together. Ms. 
Pike’s comments to her students explicitly telling them to “work in groups,” “talk to each 
other,” “work together,” and “explain” are all evidence of the norms Ms. Pike was trying 
to establish. It can be inferred that these norms were new to Ms. Pike’s classes since her 
practice prior to the MDISC course had students seating in rows and working 
individually. While Ms. Pike acknowledged that prior to the MDISC course students 
were able to sit silently and not participate in her classes, during the lesson observations, 
students got into their groups seamlessly. The students knew what Ms. Pike expected of 
them when she asked them to work together. Evidence suggests that the students 
collaborated well. For example, students were observed talking about the mathematical 
tasks they were given, students checked their answers with each other as the activities 
required them to do, and when students were presenting the work they had done in their 
small groups, multiple students presented parts of the same problem together as opposed 
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to one student dominating the presentation. This suggests that Ms. Pike was most likely 
using the small group structure prior to the observations.  
Another activity structure that Ms. Pike used that encouraged student-student talk 
was student presentations. Ms. Pike’s interpretation of student presentations involved 
between one and four students presenting their strategies and solution methods to the rest 
of the class. Student presentations always followed small group work on a problem set 
and involved coming to the front of the room. The expectation was that other students 
would ask the presenters questions to further explain their mathematical ideas. Ms. Pike 
stated that she was using student presentations to increase the number of students 
engaged in the lesson. Interestingly, Ms. Pike never mentioned her interest in using 
student presentations during the course.  
Ms. Pike reported that she used the student presentations as a vehicle for getting 
students talking about mathematics and providing an opportunity for students to be 
positioned as knowers of mathematics. Ms. Pike believed that this activity structure was 
more engaging than having students working individually and not presenting to each 
other. It encouraged students to be more responsible for their understanding of the 
mathematics because they had to talk about their work to others in the class. She hoped 
the student presentations would provide students structure in the classroom to engage in 
each other’s reasoning and make mathematical connections. During student 
presentations, however, this was rarely the case. These tended to be more of a “reporting 
out” opportunity rather than a chance for students to discuss ideas. It was only in the last 
lesson that students within a group were building off of each other’s reasoning.  
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Ms. Pike’s use of these two activity structures provided students opportunities to 
make decisions about the correctness of the mathematics. These structures helped her to 
position students as knowers and doers of mathematics. In one lesson where students 
were creating and solving their own individual problems, Ms. Pike made sure that 
students were given authority and agency. For example, Ms. Pike asked, “Are people 
ready to check in with the person who created the problem to see if they’re correct?” Ms. 
Pike’s expectations were that the students would determine the correctness of the 
mathematics. In another lesson observation, instead of telling students whether they were 
correct or not when they were working in their groups, she told students to check their 
answers with each other.  
Ms. Pike wanted students to decide upon the mathematical correctness of the 
content and thus to have greater agency in her classroom. In many instances Ms. Pike 
was observed providing students with opportunities to share their thinking and reasoning 
through presentations. However, at times she fell back into patterns of instruction where 
she became the authority and took over the discussion. For example, toward the end of 
the second lesson observed, Ms. Pike had a student present her work to the whole class. 
She asked the student, “Could you explain to your classmates what you did please?” 
However, Ms. Pike took over the presentation shortly after the student started talking by 
answering other students’ questions herself, rather than waiting and letting the student 
presenter respond. Following her explanations, Ms. Pike shifted responsibility back to the 
students by asking the class to talk to their peers if they had more questions about the 
presentation. Furthermore, she redirected student questions to the student who was 
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originally presenting. During the video-recall session for this lesson, Ms. Pike noted that 
she should have let the student explain the problem; she should not have taken over the 
intellectual work. This example highlights Ms. Pike’s struggle to change common 
patterns; she wanted to relinquish control over the mathematical authority and agency in 
her classroom but fell back into using familiar methods.  
  The use of particular activity structures does not necessarily mean a particular 
lesson is rich in student discourse. When creating group work, there needs to be 
purposeful selection of tasks and the student dynamics must be considered as well. For 
example, there were multiple instances when students were working in small groups, 
which could appear on the surface to be discourse-based with students in control of their 
learning. However, Ms. Pike was still walking around and giving students ideas to 
consider if she was asked, directing students to a particular mathematical path if they 
were not on “track,” or evaluating their work, preserving her role as adjudicator of 
correctness. Her use of groups was an attempt to get students working together and 
discussing mathematics with each other, though it was not always successful. 
Additionally, Esmonde and Langer-Osuna’s (2013) study reported on the dynamics of 
one group of students and how their positioning as knowers and doers of mathematics 
changed depending on different factors.  
 Throughout the four lesson observations Ms. Pike only had the students engaged 
in a whole class discussion for a minimal amount of time (less than 6%). During her 
lessons, the mathematics being explored in the small groups was not being discussed in a 
follow-up whole class discussion where students were making connections between the 
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mathematical ideas from the explorations. Ms. Pike’s plan was to use the student 
presentations as a vehicle for discussion. However, the student presentations rarely 
involved robust discussions or any discussion as they followed the form of students 
presenting their work while other students listened, agreed, and (rarely) disagreed.  
In summary, Ms. Pike’s expectations and instruction changed throughout this 
study. Her lessons were designed to use activity structures that supported student-student 
talk in the classroom. In each of these lessons, the largest amount of time was spent 
having students work in small groups specifically to “explore” and “discover” 
mathematics. Students were talking to each other as they solved problems and Ms. Pike 
walked around the room monitoring and assessing student work and talking with 
students.  
After small groups, Ms. Pike utilized student presentations the most in her 
observed lessons. Having the students present their solutions and strategies to their 
classmates was her attempt to have students discussing mathematics with each other, 
positioning the students as knowers and doers of mathematics. She did this by 
encouraging students to ask each other questions (rather than ask her) and pushing them 
to agree or disagree with the presenters’ comments. In the final interview, Ms. Pike 
claimed it was “important to have a student-centered classroom” meaning the “students 
are running the classroom” and the teacher is not at the center of instruction. Ms. Pike’s 
use of student presentations was an effort to eliminate herself from the classroom 
discussion as she was observed telling students to call on each other to speak during the 
student presentations. Since Ms. Pike was unable to eliminate herself from the discussion 
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as students were not interacting with each other during the presentations, this suggests 
that students were not used to engaging with each other during this activity structure and 
Ms. Pike was trying to develop this as a classroom norm.  
Although many changes occurred with regard to Ms. Pike’s instruction, primarily 
for the purpose of increasing student engagement in mathematics discourse, there were 
still episodes where she maintained authority and provided direct instruction. She asked 
students questions using an IRE structure where there were specific answers she was 
looking for, and she maintained mathematical authority at times by expecting students to 
turn to her when confused. In spite of her best intentions, Ms. Pike struggled to share the 
authority with her students and position them as knowers and doers of mathematics.  
 
Ms. Pike’s Knowledge and Use of Discourse (TDMs) Increased with Students 
Working in Small groups    
Ms. Pike began the course without much knowledge of discourse. On the initial 
survey, she was unable to articulate a definition of “whole class mathematical 
discussions;” she responded by underlining “whole class” and adding a question mark 
next to it. While she did not define “whole class discussions,” she did provide the 
following information: “discussion helps students hear how their classmates can or can’t 
speak about a topic” (Use of Discourse Survey A). It can be concluded that Ms. Pike’s 
understanding of how discourse might enhance understanding was limited at the start.  
Not surprisingly, Ms. Pike also started the course with little knowledge of the 
TDMs and how they might be used to enhance learning. Throughout the course, she 
  
 118
learned about the different TDMs and how a teacher might use them in instruction. She 
participated in all of the in-class course activities and discussions about the TDMs. Yet, it 
was unclear whether or not she tried to use them in her instruction during the course. For 
example, when asked to write about and reflect upon her initial uses of the TDMs, she 
either wrote about other topics or did not turn in the assignment. Interestingly, at the end 
of the course during the first interview, Ms. Pike credited the MDISC course with her use 
of two TDMs: waiting and asking. She reported that since taking the course, when she 
posed a question to her students, she always stopped and gave them time to process. 
While Ms. Pike was regularly observed using waiting and providing students with time to 
grapple with a task (usually in small groups), there were instances where Ms. Pike did not 
give students that time to process after posing a question. Ms. Pike also claimed she had 
added the TDM, asking, to her repertoire since it helped her to get her students to talk and 
interact with each other. Additionally, Ms. Pike reported that she no longer used the IRE 
discourse pattern as regularly as she once had. She stated that she asked students follow-
up questions instead of evaluating their comments. 
In pre-observation interviews, Ms. Pike reported that she designed her lessons to 
include TDMs and discussions. Every time she described how she was going to use the 
TDM, creating. She mentioned her intention to use probing in the second lesson and 
asking in the third lesson. For her fourth lesson observation Ms. Pike reported her 
continuous plan to use probing and she also discussed her goal to use inviting. She stated 
that she would use inviting to get more students to participate. It appeared that asking Ms. 
Pike which TDMs she would use in the subsequent lesson (during the pre-observational 
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interviews), motivated her to consider using ones other than creating.  
During the post-observation VSR interviews, Ms. Pike was asked to identify the 
TDMs she used as well as places she could have used them but did not. It was during 
these interviews that Ms. Pike reflected on how she could help her students to engage 
with each other in mathematical discussions; she talked through how she would work on 
using the TDM asking in order to get students to listen to each other and to revoice each 
other. Whereas, Ms. Pike told me she had preplanned her use of TDMs, during these 
interviews, it seemed that her use of them was evolving and not always planned because 
she was using TDMs she had not mentioned in the pre-observation interviews.  
Ms. Pike’s use of TDMs predominantly occurred during small group work and 
student presentations. This is not surprising as she instructed students to work in these 
two activity structures the most often during the observed lessons. The videotaping set-up 
during the observations did not enable me to determine what students were saying during 
the small group work as only Ms. Pike had a microphone. While I could hear her 
utterances, only occasionally could I distinguish student responses. Thus, the descriptions 
that follow are primarily of how she used the TDMs during student presentations. In 
addition, Ms. Pike launched her lessons by making sure the students were clear on the 
mathematical tasks they were to complete. She used inviting, asking and creating to make 
sure the students understood the daily mathematical task and what they were to do. For 
example, she sometimes asked students to revoice the directions for an activity or to 
repeat a student comment about the task in a louder voice. However, these TDMs were 
infrequently used to further students’ understanding of the mathematics.  
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Lesson Observations and Corresponding Interviews. The first observation of 
Ms. Pike’s class provided evidence that her use of the TDMs was limited. In this lesson 
students worked in small groups to derive the logarithmic function using inverses. Then 
Ms. Pike had a group present their work on inverses of exponential functions in the front 
of the classroom. After the group presented, Ms. Pike invited the rest of the class to 
identify the important mathematical ideas presented to them. She said, “I want to see if 
you really listened to your classmates... What key elements did they share with you about 
the inverse of the exponential function or in general?” Two purposes for using inviting at 
this time were to establish a classroom norm where students listen to each other and to 
emphasize important aspects of inverses of functions.  She waited 4 seconds and then had 
the students who presented call on another student to summarize two key points from the 
presentation. After the summary Ms. Pike responded with a follow-up question rather 
than evaluating the student comment. She asked the class, “Is that what he said? Does 
anyone have anything to add to that?” After waiting 3 seconds but without getting any 
volunteers, Ms. Pike asked a conceptual question and then waited 7 seconds before 
calling on the one student who raised his hand. She asked students if this method of 
finding the inverse worked just for exponential functions or if it would also work for 
other functions. The way Ms. Pike posed this question only required students to answer 
“yes” or “no;” she did not continue the discussion further by probing or asking the 
student how he knew. This episode concluded with Ms. Pike probing students about 
comments they made when working in their small groups earlier in the class. She asked 
them what happened when they switched “x” and “y” and tried to solve for x. After a 
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student quickly said he got “stuck,” Ms. Pike spoke to the class about the logarithmic 
function and its purpose. This could have been an opportunity to connect the graphical 
and algebraic methods for finding inverses through talk. However, this did not occur. 
During the rest of the lesson, students were given the opportunity to begin their 
homework.  
While watching her first lesson observation, Ms. Pike expressed embarrassment at 
not using the TDMs very often or very effectively. As she watched herself teach during 
the VSR interview, Ms. Pike observed that there were many places where she could have 
used the TDMs. She stated she wished she had walked around the classroom holding a 
list of the TDMs in her hands as a reminder. Ms. Pike also discussed that she was going 
to use the TDMs more in the lesson observations that remained. In particular, she 
mentioned that she planned to work on the “asking students to revoice” TDM. While it 
appeared that Ms. Pike had not been incorporating the TDMs extensively into her 
instruction prior to the observations, she appeared motivated to work at using them 
during future observations.  
In the second observation, Ms. Pike’s lesson design created an opportunity for 
students to engage with each other’s reasoning. This lesson began with students 
exchanging problems they created with other students in their small groups. Then 
students solved each other’s problems and had to ask each other questions if the problems 
did not work out or if they needed clarification. Ms. Pike often had to redirect students to 
ask each other questions rather than approach her with their questions. The next part of 
the lesson students worked in small groups on a set of problems. After students had time 
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to work on the first problem, Ms. Pike invited a student to “explain how to do this 
problem...Explain to your classmates what you did.” Ms. Pike was using inviting in the 
small groups to highlight a procedure. Thus, Ms. Pike was again making an effort to use 
the TDMs; however, overall, her use of TDMs was limited. 
In the third observation of Ms. Pike students began working in small groups right 
at the beginning of class. Ms. Pike told them to investigate a topic by finishing a problem 
set. As students worked in their small groups, Ms. Pike circulated the classroom and used 
TDMs to engage students in conversations about the work. However, each time Ms. Pike 
used a TDM, she did not wait for her students to respond to her but instead she continued 
on to the next group. For example, she looked at student’s work in one group and invited 
him by saying, “So you are comparing what things?” The student responded, “The 
distance of x and y.” Ms. Pike then probed the student to explain further what that meant 
by asking him, “Oh, what is that really though? What is that really though when you are 
comparing those kinds of variables? What algebraic word is that?” Before the student had 
time to think and respond to Ms. Pike’s series of questions, she walked to the next group. 
She repeated this pattern a number of times: she invited and probed using questions that 
did not require lengthy answers and often before students responded, moved onto the next 
group. Thus this example of her use of TDMs in small group work was not effective or 
productive in terms of deepening students’ mathematical understanding. 
The student presentation during this class consisted of one student presenting his 
procedure for graphing an ellipse from two points. Ms. Pike invited this student to 
explain his procedure. As he started to explain his work, he got confused. He began 
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explaining one method when he had solved the problem using a different method. Rather 
than waiting for the student to sort through his ideas, Ms. Pike immediately probed him 
to continue with the strategy he began discussing but had not used, instead of the one he 
did use. Ms. Pike stated that her purpose of using inviting and probing was to have this 
student explain his procedure for solving a particular problem. She then invited the rest of 
the class to ask any questions to the student presenting his work but no students 
responded. While Ms. Pike’s use of TDMs was not as powerful or productive in the sense 
that it did not instigate or facilitate a whole class discussion, Ms. Pike was doing 
something she reportedly had never done before. She was using TDMs to have students 
speak to their peers about mathematics and share their solution methods. 
Ms. Pike explained that she chose this particular lesson for her third lesson 
observation because the students would be working in groups and the class would be 
working together as a large group. She said this would give her an opportunity “to see 
different types of interactions, and for [her] to incorporate different types of teacher 
discourse moves [in the] small group or large group” (Third Pre-observation Interview). 
It is unknown how Ms. Pike anticipated using different TDMs with students in small 
groups versus large groups or if she just anticipated some difference would naturally 
occur depending on whether students were working in small groups or as a whole class. 
Towards the end of the third post-observation VSR interview Ms. Pike identified her use 
of one of the TDMs, asking, and seemed proud of herself when the student spoke. She 
claimed that this particular student she asked to revoice had not spoken all year and she 
thought that by asking the student to revoice another student’s comment rather than 
  
 124
sharing his own thoughts, he would feel more comfortable speaking. She said “I’m 
getting better...I’m just much more conscious of it – of wanting to use [TDMs] and trying 
to figure out how and where to use [them] – and just keep trying to throw it back at them 
more often so that they can feel like they need to become part of the conversation.” Ms. 
Pike used follow-up questions in the form of probing or creating to try to engage more to 
stop herself from moving-on after one student responds to her initial questions during 
class. 
In the fourth observation Ms. Pike used a number of TDMs while circulating 
during the small group work time and during the student presentations at the end of the 
lesson. In each of the six small groups, students were given a table of values and asked to 
create a graph and derive a function from the values in the table. Next, each group 
presented their graph and function. Students were given a short amount of time to solve 
each other’s’ problems before each presentation. After the first student presentation Ms. 
Pike invited students to think about how they would solve the problem if the numbers 
from the table were not so “easy.” One student responded with one strategy. Ms. Pike 
invited students to think of more ways to solve the problem but students did not respond. 
As the next two groups came forward to present their problems, Ms. Pike’s interactions 
followed a similar pattern: students presented, she asked if students had anything to add 
or if they used a different method (inviting), no response from the students, and then the 
next group presented. Just before the fourth group presented, Ms. Pike stated that this 
problem might require more discussion. Their table of values did not increase by ones but 
rather it went up by twos so the strategies students had previously been using would not 
  
 125
apply to this problem in the same way. The presentation began with a student asking the 
rest of the class if anyone had noticed anything. She invited the other students to reflect 
on how the table was different in their problem. Ms. Pike did not provide any time for the 
students to answer. Rather, she jumped into the conversation and requested the group that 
was presenting to explain the problem to the rest of the class. As one student from the 
group was explaining, a second student was adding onto the first student’s comments. 
What was interesting about this group presentation was that they were the first group 
where two students spoke consecutively, building off of each other’s contributions. After 
the students presented a correct solution and strategy, Ms. Pike asked the rest of the class 
a follow-up question. Just as she had done after the other presentations, she asked “Did 
anyone use another method that might prove that, that answer is correct?” (Lesson 
Observation 4). Finally, a student responded. Ms. Pike used follow-up questions 
providing students with opportunities to add to other student comments seven times 
throughout this observation. However, only once did students respond or add to other 
students’ comments. This is another example illustrating Ms. Pike’s efforts to use TDMs. 
Ms. Pike also used the TDMs to establish norms in this fourth observation. She 
asked if everyone heard a student response. Then she asked the student to repeat her 
method a second time. After that, Ms. Pike asked a student to revoice but he said he still 
did not hear it. Instead of Ms. Pike revoicing it herself or asking the original student to 
speak even louder, she got the students to ask the original speaker to talk louder for the 
third time. Ms. Pike did not use the TDMs here to connect the different methods students 
presented. She just moved on to the final two groups and had them present in a similar 
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pattern as the first three groups: inviting students to add on or share a different method 
used, followed by no student response. 
In the fourth post-observation VSR interview Ms. Pike reflected on her use of 
follow-up questions after the student presentations. She noted that she could have used 
asking instead of asking students if they had anything to add onto the presentation. Upon 
further reflection, Ms. Pike recognized that the problems from the first few presentations 
were fairly straightforward and so there wasn’t a need to ask students to revoice and it 
was also likely the students did not have anything to add on to the presentations. Ms. Pike 
also noted that she planned for the student presentations to be a short warm-up activity 
and they were taking longer than she expected. So when the presentations were 
completed she reported that she felt rushed to show students how to use their calculators 
to solve the same problems from the presentations. 
Ms. Pike reported that she had changed her typical IRE discourse pattern to 
include some follow-up questions regardless of whether the student response was correct 
or not. She said, “I think that it forces the students to then listen to one another if they 
know there’s going to be a follow-up question, whether their classmate is right or 
wrong…They’ll pay attention [to each other] more if they know that’s what’s going to 
happen” (First Interview). In addition, Ms. Pike claimed that her use of these follow-up 
questions was giving more students an opportunity to have their voices heard in the 
classroom. These statements suggest that she believed she was using follow-up questions 
to improve student understanding and to increase student participation.    
Her claim that she no longer “just moved on” after students said the correct 
  
 127
answer was consistent with her actions as previously described in the first and fourth 
observations. Ms. Pike was using follow-up questions instead of evaluating student 
responses. However, she did not always wait for students to answer her follow-up 
questions and sometimes when Ms. Pike asked students if they agreed, disagreed, or had 
anything to add on, they did not have much to say. Ms. Pike was just making it part of her 
routine to ask these follow-up questions even though they were not effectively engaging 
students in reasoning about the content.  
To ensure more student participation and further student learning, the next step 
would be for Ms. Pike to be more purposeful with her use of follow-up questions. For 
example, she could have students solve problems using different methods and then 
connect the methods used, or select students who solved problems incorrectly to begin 
the discussion thus giving students more to agree with, disagree with, and add onto. 
In addition to reflecting on her own use of TDMs, in the final interview, Ms. Pike 
was excited to report that she began seeing her students use the TDMs without any 
prompting from her. For example, Ms. Pike noticed students inviting each other. She 
“heard students say, ‘well what do you think?’” to one another, (Final Interview). The 
changes observed in her students encouraged Ms. Pike to consider how she would use 
discussions in her classes next year. She reported that she wanted to use the TDMs from 
the beginning of the school year and create a classroom environment where using the 
TDMs and student collaboration were established as norms early on. 
In summary, Ms. Pike did not know much about TDMs at the start of the study. 
As her knowledge of the TDMs and experience using them and reflecting on them 
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increased, she considered their use to position students as knowers and doers of 
mathematics. Specifically, Ms. Pike focused on waiting and asking. Additionally, in her 
attempt to use more follow-up questions, Ms. Pike used the probing and creating TDMs. 
One of the most significant changes to Ms. Pike’s practice was her use of a discourse 
pattern different from IRE. Following some small group work and then a student 
presentation, Ms. Pike asked the whole class if anyone had a different method they could 
share or if they had any thoughts to build off of the presentation. This sequence of events 
did not serve the purpose Ms. Pike hoped as students did not usually respond. From Ms. 
Pike’s perspective, she was pleased she made this change to her practice. Consistent with 
the changes made by teachers in Bennett’s (2014) study, Ms. Pike’s use of small groups 
and student presentations was the first step in creating a classroom culture of student 
participation, which is necessary to implementing meaningful discourse.  
During interviews she claimed that she was not very skilled at using the TDMs 
since she was still learning the TDMs and they felt new and unnatural to her. Her 
frustration with the difficulty of using TDMs was expressed when she asked, “will these 
ever just become more natural?” (Second Post-Observation VSR Interview). Although 
Ms. Pike was trying to use the TDMs, the observations provide evidence that she was 
using them primarily when students were working in small groups or whole class student 
presentations. She used them to establish norms, emphasize procedures, explanations, and 
strategies. The TDMs were not used to connect different methods of solving problems or 
to provide students with opportunities to struggle with the mathematics in a productive 
manner.  
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Ms. Pike recognized that her comfort with and use of the TDMs was limited. At 
the end of this study, Ms. Pike reported that she still had to plan to use the TDMs in her 
practice. She said, “I really still have to think about them” (Final Interview). Specifically 
with regard to the TDMs, she concluded, “I’m in the beginning stages still...You can 
never say you’re good at it...I mean you just get better. You keep trying to improve” 
(Final Interview). 
 
Why Changes Did and Did Not Happen 
Changing teachers’ practice has been studied for many years (Elmore, 2001; 
Guskey, 1989). While there is likely no single method for motivating change in teachers’ 
practices, it is helpful to know what influenced the changing practices of the participants 
in this study. In Ms. Pike’s case, it appeared that being observed and then watching her 
own teaching motivated her to actually experiment with the TDMs and student talk. This 
is consistent with other studies that report on how teachers are influenced and motivated 
to change their instruction by watching recordings of their own teaching (Borko et al., 
2006; Kwon & Orrill, 2007) 
In addition to watching herself teach, Ms. Pike was motivated to continue with 
group work and student presentations by watching her students interact in these activity 
structures. During the first two post-observation VSR interviews, Ms. Pike noticed that 
her students had changed after experiencing lessons with discourse. They were 
interacting with each other and “actually” talking to each other. While she was excited 
that the students were discussing mathematics, she worried that it took a long time before 
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students began collaborating with one another—between 15 and 20 minutes. It is possible 
that Ms. Pike’s element of surprise about the students talking to each other and the time it 
took before students began collaborating was a result of Ms. Pike not noticing what 
students were doing while in the small group activity structure until she was provided 
with the opportunity to watch during the VSR interviews. 
Following the next two observations, Ms. Pike reported additional changes in her 
students. She claimed that her students were participating in small group discussions 
increasingly toward the end of the school year. In her final interview, she noted that her 
students were no longer afraid to ask questions and voice their opinions. She also 
discussed that the students responded and communicated with one another in a more 
respectful way other than just telling each other they were wrong. For example, she 
claimed that students would ask each other what they think, or tell each other they got a 
different answer and then begin a discussion about the mathematics at hand. 
Ms. Pike made changes to her practice and began to see results of her efforts. She 
was observed using TDMs to try to engage a greater range of students in talking about 
mathematics primarily in small groups and position them as knowers and doers of 
mathematics. Ms. Pike was also purposeful with her lesson plans around activity 
structures and student presentations. However her objective to use the presentations to 
foster whole class discussions was not realized. It seems that Ms. Pike did not 
purposefully implement TDMs into her instruction until she observed her own teaching 
since she did not mention using TDMs when asked to reflect on her initial use during the 
course. Additionally, she had great difficulty facilitating any discussions. Furthermore, 
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she was purposefully working on incorporating one or two TDMs at a time before adding 
another one to her instruction. She felt there were three challenges to her use of TDMs 
and whole class discussions: short class periods, not knowing the content of a new course 
she was teaching, and her training as a teacher to present lecture-based lessons.  
Ms. Pike felt challenged by time restrictions and the pacing of instruction that 
included discussions. One time when watching herself she commented that she chose not 
to conduct a discussion because there wasn’t enough time left in the class period. She 
stated that when rushed she fell back into an old mindset of just needing to get things 
done. However, she continued, “I wish I didn’t because it doesn’t matter if we don’t get it 
done. It really doesn’t but I can’t get past that feeling” (Second Post-Observation VSR 
Interview). She elaborated that she felt longer class periods made her feel more relaxed 
and helped students learn better than the typical 45 to 55 minute long classes. She said,  
Everything that we do that requires time, which is teacher discourse moves... 
makes it difficult to incorporate into a lesson. But sometimes when we have those 
longer classes, it was much easier, like when we did reviews on those...85 or 90 
minutes... it just felt so much more relaxed and I could ask questions...If I knew I 
had the time to let them sort of hash it out and I think those were the questions 
that they ultimately do the best on the final exams are those questions that we 
actually have the time to investigate and think about, and have them process and 
talk to one another (Final Interview). 
Although it is not surprising for a teacher to report that using discussion-based 
instruction when students are collaborating takes up too much time, Ms. Pike’s complaint 
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highlights a valuable issue of distribution of time. If mathematics classes were longer 
class periods teachers might feel that they have enough “time” to utilize collaborative, 
discussion-based methods of instruction incorporating discourse and more specifically 
TDMs.  
Ms. Pike reported that she was slowly incorporating ideas she had learned from 
the course. Her writings while taking the course did not mention any use of the TDMs, 
but her lesson observations revealed that she was slowly integrating these into her 
instruction. Ms. Pike mentioned her struggle to teach differently from the way she was 
taught. Adopting discourse-based instruction was not easy; she first needed time to 
become familiar with the TDMs and activity structures and to become comfortable with 
relinquishing control as the provider of knowledge.  
 
Conclusion  
 Throughout this study Ms. Pike demonstrated a commitment to learning about 
discourse and TDMs. Her descriptions of her use of discussions and TDMs were initially 
hesitant and she reported her learning as an ongoing process. While she acknowledged an 
improvement in her use of discussions, she expressed a desire to continue working on her 
use of TDMs and described herself in the infancy stages even at the end of the study. 
From the start, Ms. Pike’s statements clearly stated a change in her expectations of her 
students as well as her practice. She credited the post-observation VSR interviews with 
helping her make changes to her instruction. While some changes took time for Ms. Pike, 
others were more immediate. Ms. Pike reported that the challenges to her use of TDMs 
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and discourse were short class periods, learning to teach new content while 
simultaneously using new instructional techniques, and also being trained to teach in a 
way that seemed contradictory to discussion-based instruction.  
 The lesson observations provided evidence that Ms. Pike changed her 
expectations of her students’ engagement and made an effort to try and use the TDMs 
and be more purposeful about her classroom discourse. One significant way she did this 
was by changing the layout of her classroom seating from rows to groups. Not only did 
Ms. Pike report that she no longer had her students work individually and seated in rows, 
but when I entered Ms. Pike’s classroom for each lesson, the desks were arranged in 
groups of 4 to 5 desks. Another way Ms. Pike’s instruction evolved was by planning and 
designing lessons to incorporate small group work and student presentations. By 
watching herself teach and her students working together and discussing mathematics in 
their small groups, Ms. Pike was motivated to try additional TDMs and intended to 
implement them from the start of the following school year. Although the data provides 
evidence that Ms. Pike was making efforts to improve her teaching and include TDMs in 
her instruction, whole class discussions did not occur during the four observations. While 
she recognized some challenges to her use of discussions and the TDMs, she still planned 
to use the TDMs and not let those challenges get in the way of her efforts to improve her 
practice to increase students’ understanding of mathematics. 
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CASE II: MS. GOLD 
Introduction 
 Ms. Gold is one of three high school teachers whose use of discussions and TDMs 
in their classes as well as how they described their use of discussions was examined. 
Specifically, I report how Ms. Gold used discussions and described her facilitation of 
discussions in one of her sophomore honors-level classes. Data collected from the 
MDISC course, the interviews, the four lesson observations, and the post-observation 
video-stimulated interviews were used to address the research questions. During the 
observations, the videotaping set-up did not enable me to determine what students were 
saying during the small group work as only Ms. Gold had a microphone. Although I 
could hear her utterances, only occasionally could I distinguish student responses. Thus, 
the descriptions of the lessons consist primarily of how Ms. Gold used the TDMs during 
the whole class activity structure times.  
This section is organized into three sub-sections. Each section addresses both of 
my research questions by first reporting on how Ms. Gold described her use of 
discussions and TDMs and then what I observed from her lesson observations. To 
provide some context, I first report on Ms. Gold’s background and the way she described 
her teaching practice and beliefs related to discourse at the start of the study. Second, I 
present her knowledge and facilitation of discussions, and more specifically her use of 
TDMs. Third, I describe why changes to Ms. Gold’s instruction did and did not transpire.  
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Background on Ms. Gold 
Ms. Gold held a Master’s degree and had professional status. At the time the data 
were collected Ms. Gold was in her fifth year of teaching high school mathematics at 
Coffy High School. Ms. Gold earned college credits for her participation in the course, 
which would help her advance on the system’s pay scale, eventually increasing her 
salary. Ms. Gold claimed that she wanted to learn how to facilitate more productive and 
powerful discussions in order to increase student participation. In this section I will 
discuss Ms. Gold’s initial beliefs on the role of students and teachers and her perception 
of her own instruction, as demonstrated by her comments on her beliefs maps, surveys, 
and during interviews. 
Ms. Gold was committed to the course. She attended every class, completed all 
assignments and she participated in all of the classroom discussions and activities. 
Furthermore, Ms. Gold’s interest in the course appeared to grow over time as evidence by 
continuing as a participant in the study following the completion of the course.  
At the beginning of the MDISC course Ms. Gold reported that she was hoping to 
learn “how to pose thought-provoking questions” and to “get better at facilitating 
discussions in [her] classrooms and be more comfortable” in order to increase the 
frequency of discussions (Use of Discourse Survey Form A). While these objectives are 
specific to discourse, Ms. Gold did not state why these were her goals or if they were 
somehow related to her perception of her instruction.  
In addition to taking the survey, participants created a map of their beliefs as to 
what was most important to them about teaching mathematics. Ms. Gold expressed that 
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she found it “difficult to try and formalize [her] beliefs about math and teaching math” 
and noted that “putting them into words that would be ‘out in the world’ was 
intimidating” (MDISC Journal). Her comments suggest that she had not explicitly 
reflected on her beliefs about teaching mathematics until now. Her comments also imply 
that she was concerned about how others would possibly judge her beliefs.  
The statements on Ms. Gold’s map were not necessarily a list of beliefs or a 
description of her practice, but were indicative of her perceptions of the most effective 
way students learn mathematics. For example she wrote, “Discovery is the best way to 
learn and retain mathematics,” “Inquiry is essential for mathematics,” “Making 
observations can lead to discovery,” “It is important to share ideas when 
learning/discovering mathematics,” and “Trial and error can lead to discovery.” It can be 
inferred that Ms. Gold believed that students learn mathematics best through discovery 
and inquiry. These statements also suggest a belief in students’ active engagement in 
learning. Ms. Gold did not mention discussion or talk in terms of what is important to her 
when teaching math. However, she may have been predisposed to learning about 
discourse since the inclusion of words such as “inquiry,” “collaborative,” and “share” all 
suggest learners who are actively engaged in the learning process.  
Although Ms. Gold’s beliefs map provided evidence that she believed in students’ 
active engagement in learning, her written reflections did not support her use of discovery 
learning or that students were sharing their ideas. In fact, her reflections revealed that not 
every student was participating in her classes. For example, one of the assignments from 
the course asked participants to describe the classroom norms and expectations for 
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student participation. Ms. Gold was disappointed in the classroom norms that she had in 
her classes. She wrote that they were not “really the norms I want... I haven’t really had 
time to be explicit about the expectations in my classroom, the defaults that we have slid 
into are not ideal.” She confessed that she did not enforce participation from all of her 
students. Furthermore, she mentioned that by not making her expectations explicit to her 
students that they should be actively participating, “they can get away without listening 
closely all the time.”  
Ms. Gold wrote in her MDISC journal about how she used IRE in her teaching 
and when she “elicits responses from students, it tends to be that only a certain set of 
students will volunteer answers...” While she wrote that she hoped other students were 
listening to the dialogue between herself and these few students, she recognized that the 
conversations were “limited to the same few students that always participate.” 
Additionally, she reported that there were instances where she was looking for students to 
give her answers quickly to straightforward questions she was asking and using IRE for 
these times was appropriate. She admitted that she was probably also using IRE when 
alternative discourse patterns would have been more beneficial to her students and to a 
classroom discussion. She continued that she hoped she would begin to recognize when 
IRE was appropriate to use or when the discussion would be more productive if she used 
other techniques like waiting to encourage participation from more students. 
Prior to participating in the course Ms. Gold reported constraints to her use of 
TDMs and facilitating discussion such as short class periods. However, her interest and 
belief in discovery and inquiry supported her later use of discussions and TDMs in her 
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instruction. In discussions about what Ms. Gold would look for if hiring a new teacher, 
her beliefs about discovery and investigation became evident once again. Ms. Gold 
described the role of a teacher to be a collaborative educator with an appreciation for 
discovery in the classroom, who could allow students to “work through things to figure 
stuff out on their own a little bit” (First Interview).  
In summary, it appeared that Ms. Gold’s beliefs on good teaching being discovery 
and inquiry-based were not aligned with her description of her own instruction at the start 
of the course. She reported that her actions did not ensure that all students were 
participating in the lessons and she used IRE more than she thought she should. Ms. Gold 
expressed an interest in learning about discourse and TDMs in order to increase student 
participation and engagement. She believed that a way to do this was to ask better 
questions and to facilitate discussions.  
 
Ms. Gold’s Knowledge and Use of Discussions (TDMs) Became More Purposeful as 
She Observed Her Teaching 
Prior to the start of the MDISC course, Ms. Gold reported that her understanding 
of features of discussions and her knowledge of both the role and benefits of using 
discussion were minimal. She wrote on her initial survey that “whole class discussions” 
involved students sharing ideas, other students reacting to those ideas, and then using 
those ideas to continue the discussion. She also noted two benefits to discussions: 1) 
students could hear multiple explanations of a concept, and 2) students could determine 
how well they understand a concept by trying to explain it to their peers. While Ms. Gold 
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recognized some benefits to discussions, she anticipated that “time” and “participation” 
would be constraints to classroom discussions, but she did not elaborate on why or how. 
One can infer that by “participation” Ms. Gold may have been referring to a concern that 
some students would not participate in classroom discussions. Since one of her goals was 
to learn how to engage all students in classroom discussions, the fact that some students 
might opt out was problematic. 
After initially learning about the TDMs in the MDISC course, participants were 
prompted to reflect on their uses of the TDMs and write about the experience in their 
journals. Ms. Gold found it challenging to implement the TDMs into her practice on a 
regular basis. She said, “I’ve been trying to use them more...It’s hard...at least at this 
point...They’re kind of new to me still.” But Ms. Gold did reflect and write about her 
responses to student comments and how she was positioning students. In general, she 
emphasized how she was using TDMs to help improve student engagement. For example, 
she wrote that she wanted to use “waiting; to make sure everyone was participating” and 
“student revoicing...get students to engage with each other.”  
Ms. Gold also claimed that learning about the TDMs gave her insight into 
students’ understanding of concepts and procedures. Specifically, she wrote in her 
MDISC Journal that using probing, “gives [her] more insight into how the student is 
interpreting and building their understanding.” Also, as part of her definition of whole 
class discussions on her Use of Discourse Survey Form C, she wrote, “it is hopefully 
engaging and thought-provoking for students and informative for teachers.” Ms. Gold 
wrote about her attempts at using the TDMs during the course. She noted that she had 
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previously used waiting, probing and revoicing but had not labeled these actions as 
TDMs. While Ms. Gold reported that she already used waiting quite a bit, she felt she 
could have used it in a more productive way. She said: “[I want to use] this technique to a 
greater extent. I think I should wait even longer to encourage more students to 
participate” (MDISC Journal). She noticed that the same students who regularly 
answered her questions filled the wait time with their responses. However, Ms. Gold 
acknowledged that in the future she would try to be “more conscientious of calling on the 
less outspoken kids right from the start” (MDISC Journal). When reflecting on her use of 
waiting, she also noticed instances in which she answered her own questions if students 
did not immediately respond. She mentioned that she used probing and some revoicing, 
but not asking and creating. Ms. Gold reflected that she often asked students “follow-up” 
questions in response to their contributions. She reported that she found this move had 
potential to “encourage a student to share more and can help clarify their ideas for the 
class to understand.” She further reported that this move “gives [her] more insight into 
how the student is interpreting and building their understanding.” While Ms. Gold did not 
notice any use of asking in her instruction, she was positive about its potential but also 
anticipating it might be difficult to implement. She noted: “I think [asking] could be a 
powerful tool and one that will take some adjusting of practice for myself and for the 
students” (MDISC Journal). Furthermore, Ms. Gold’s use of these TDMs appeared to not 
always be purposeful. When asked to observe her own teaching and reflect on her initial 
use of TDMs, she wrote in her MDISC Journal that she “noticed that [she used] revoicing 
more than [she] thought.” She also wrote in a letter to her future self that she wanted to 
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“be more purposeful about facilitating discourse”  
Once Ms. Gold had learned about the TDMs, the way she described her use of 
them and student participation, was tentative. It appeared that while taking the course, 
Ms. Gold was not regularly facilitating whole class discussions during instruction. She 
wrote in her MDISC Journal, “I want to start planning for instances when I will want to 
have small group or whole class discussion...I also want to plan lessons to create more 
opportunities for productive discussions to happen.” 
One of the most challenging TDM’s to implement, according to Ms. Gold, was, 
“creating opportunities to engage with another’s reasoning.” She said that she only used 
creating, “when it comes up.” But she continued, “I think it takes more of an effort to 
really try and do that, engaging with another’s reasoning. Just because...like in some of 
the examples that we’ve seen in your class...we got to take it to that next step...generalize 
and use it on something else...That’s sometimes hard to do and fit into a lesson...so I 
don’t think I do that one as much” (First Interview). Ms. Gold did not mention the TDM, 
inviting, and so it is unknown whether she had prior experience with it. Even at the 
conclusion of the course, Ms. Gold reported that she still had to make, “a conscious effort 
to try and use [the TDMs]” (First Interview). 
Lesson Observations and Corresponding Interviews. Prior to each observation, 
Ms. Gold and I met to discuss her plans for the upcoming lesson. We discussed her 
objectives for the lesson as well as her plans to use the TDMs and discussions during her 
lessons. In three of the four lessons, Ms. Gold planned to use asking, inviting, waiting, 
and revoicing. These will be addressed in more detail throughout the descriptions of the 
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observed lessons and corresponding interviews. During the post-observation VSR 
interviews, I asked Ms. Gold to identify the TDMs she used as well as instances where 
she could have used them but did not. 
 Ms. Gold’s use of TDMs primarily occurred when students were working in a 
whole class activity structure.  Specifically, she used them when she was trying to get 
students talking in a whole class setting that was teacher-centered and resulted in brief 
student responses. By “teacher-centered” I mean that Ms. Gold was doing most of the 
mathematical thinking and she was the source of mathematical knowledge and authority 
at the time. In these instances she was using TDMs such as inviting and probing, but she 
did not always wait for student responses. Furthermore, her use of inviting and probing 
involved closed questions to which Ms. Gold was looking for specific answers; students 
gave short answers and were not sharing their own ideas.  
The first observation of Ms. Gold’s class involved the topic of radian measure. 
The lesson began with students checking their answers from the previous night’s 
homework assignment with a partner. The assignment consisted of problems related to 
areas of circles and sectors. Next, Ms. Gold presented students with definitions of 
vocabulary related to circles. She asked students to work with a partner to develop the 
concept of a radian measure. The task had students find ratios of arc lengths to radii of 
three different-sized circles with the same central angle measure. After students had 
worked on this task for approximately 4 minutes, Ms. Gold invited students to explain 
what they noticed. She said, “I want to hear from you what’s happening here. What 
happens when you calculate L [arc length] over r [radius] what did you notice, what did 
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you notice, what did you notice?”  Three different students participated in this discussion. 
The first student volunteered her answers from the task, the next two students answered 
Ms. Gold’s series of questions that led them to state a generalization that the size of the 
circles does not matter when calculating the ratio of arc length to radius. During this 
discussion, Ms. Gold repeatedly made an effort to get a variety of students to contribute 
and speak out loud. At one point during the lesson she asked the class as a whole if 
someone could repeat a student’s idea. No one volunteered as she waited for them to 
respond. After 7 seconds of waiting, she responded to one student, “Michael, you already 
helped us today – someone else.” When no one responded to her, she asked the original 
speaker to repeat himself and then she moved on to a new topic. While Ms. Gold used the 
asking and waiting TDMs, her attempts were thwarted by silence from her students.  In 
addition, seven times throughout this lesson she asked students “Does that make sense?” 
or “Are we okay with that?” Students never responded to these questions. The lack of 
response from the students may mean that Ms. Gold posed many rhetorical questions to 
her students. But it also suggests that discussion was not a regular feature of her 
instruction and that this observation might have been one of her early attempts at 
facilitation. In addition, the lack of participation might also have been caused by the 
nature of Ms. Gold’s closed questions (Does that make sense? Are we okay with that?).  
Another consideration was since Ms. Gold was not explicit about establishing 
norms for participating in mathematical discussion in her classes, students expected only 
certain students to respond. She wrote in her MDISC journal, “Since I don’t have a 
conversation specifically about the norms in my classroom, I think I miss out on 
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establishing the norms I really want rather than the ones that my actions may imply.” 
Prior to the first lesson observation, Ms. Gold stated that her goals were to get 
students talking to each other. Specifically, she wanted to use the TDMs revoicing and 
asking to make important mathematical ideas heard multiple times. Additionally, she 
reported that she wanted to use waiting in conjunction with revoicing to get more 
students talking. During the first post-observation VSR Interview while watching her 
students talk about what they noticed when calculating the ratio of arc length to radius, 
the idea of using a convex angle to calculate the ratio emerged in the discussion. Ms. 
Gold questioned whether she should have let the discussion continue as long as it did. 
She was glad multiple students were talking, but the content of the discussion was not the 
primary objective of her lesson. As she watched, she recognized that she could have also 
used asking to determine whether students were understanding the key points instead of 
asking students questions like “does that make sense?” or “do you have any questions?” 
Ms. Gold again mentioned that she asked these questions regularly in her instruction and 
students did not usually respond, suggesting that this was a norm in Ms. Gold’s 
instruction. Thus, this interview provided Ms. Gold with an opportunity to actually 
confront the effectiveness of some of her statements and to consider how to more 
purposefully use the asking TDM so she could determine whether the concepts in the 
lesson were actually making sense to her students based on how they were talking about 
the mathematics. Although Ms. Gold was reflective about this aspect of her instruction, 
she did not implement this change. She consistently asked her students “Does that make 
sense?” throughout all four observations, instead of utilizing the asking TDM. 
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Finally, Ms. Gold talked about how in previous lessons some students were quiet 
and only a few confident students did all the talking. Yet, in this lesson, she noted the 
students that actually spoke were not the ones that always participated and she thought 
they did a good job conveying what they wanted to say. 
Prior to the second observation, Ms. Gold stated that she was going to use 
inviting, asking, and creating to facilitate discussion and encourage students to engage 
with methods presented in their textbook. Throughout the textbook there were characters 
that had discussions about the mathematics the students were learning. These characters 
shared their thinking as they solved problems similar to those given to the students. 
Sometimes the characters discussed alternative methods, common student mistakes, or 
connected different mathematical strategies. Ms. Gold planned on using the discussion 
between the characters as a springboard for students to revoice and then engage with 
another’s reasoning. She planned for students to read the dialogue from the textbook, 
discuss the characters’ thinking about the mathematics, and then use the characters’ 
strategies to solve similar problems.  
The mathematical objective of the second observed lesson was to introduce 
probability through combinations of different arrangements of letters. The students began 
finding different combinations with a partner. Next, they read through a discussion 
between two characters from their textbook while working in pairs. Some pairs read the 
dialogue out loud while others read it silently. Next students were asked to solve 
problems using the character’s methods. This created an opportunity for the students to 
engage in the characters’ reasoning. Finally, Ms. Gold asked individual students to 
  
 146
revoice the discussion from the textbook. After two different students revoiced the 
discussion between the two characters, Ms. Gold moved on to the next part of her lesson. 
Table 4.2.1 below provides a transcript of Ms. Gold’s use of the TDMs, more 
specifically, asking and probing, as she encouraged students to share the reasoning of the 
characters from the textbook (i.e., Tony and Sasha). 
Table 4.2.1: Lesson Observation 2 – Using TDMs 
 
1 T 
 
So you’re trying a whole bunch of different things as I was walking around, 
lots of different ideas going and then I asked you to read what Tony and 
Sasha were thinking about when they did these problems. Okay?  Because 
some of the first couple of problems were pretty straightforward, we figured 
them out pretty quick. Other ones we had to think a little bit more about. So 
Tony and Sasha were discussing those ones like Sasha’s name. Can 
someone tell me kind of what Tony and Sasha’s thought process was 
and how they were tackling problems like five and six where we had 
repeated letters in our names? Giulia, what were they saying? 
 
2 SG Well, if.... (inaudible) There were no repeated numbers. 
 
3 T Okay, so what do you mean by that, describe that? 
 
4 SG If there were a number of repeated letters, then they talked about how many 
different combinations we have… different letters. (inaudible) 
 
5 T Okay, what kind of calculations did that end up being? 
 
6 SG It was factorial. 
 
7 T It was a factorial. Okay? 
 
8 SG And so then they would think about like we could look the repeated letters, 
how many combinations (inaudible) 
 
9 T So, what do you mean ‘take away?’ 
 
10 SG Like how many combinations are repeated. 
 
11 T And how do we know how many are going to get repeated? 
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12 SG (Inaudible) like we know that how many of each letter is repeated and 
divide mutual combinations by the factorial. 
 
13 T So, however many are repeated, you divide by that factorials, how many are 
repeated.  Okay.  Can someone kind of summarize that one more time 
for me?  Summarize what Tony and Sasha said, what Giulia just said, 
yeah. 
 
14 SC Basically, the first were addressed, these were no repeats such as TONY 
and they figured out the number of combinations would be the number of 
letters factorial  
 
15 T Okay and the number of arrangements would be just that number factorial. 
16 SL (Inaudible) And then they found that double letters — they found that in a 
number of ways would be the number of, the total number of letters 
factorial divided by — and the number of repeats so like for SASHA there 
were two Ss, so like for two Ss, they mean like two factorial ways to 
arrange the Ss like… 
 
17 T Because every time you have the two Ss in one place you could just switch 
them, right, and that’s the same. So is S 
 
18 SC and it’s the same (Inaudible) and it is just the numbers, and it’s the same for 
all A’s 
 
This excerpt was characteristic of the discussion Ms. Gold facilitated during the 
second lesson observation. While the discussion lasted only 3 minutes, Ms. Gold used 
TDMs, listened to student comments, and responded to them. The focus of this discussion 
was on the procedure for finding the number of combinations for a set number of letters. 
Ms. Gold asked questions of students that pressed for the reasons behind the steps in the 
procedure. In this particular discussion Ms. Gold used dialogue from the textbook as a 
springboard for using asking (Turns 1 and 13). Furthermore, this discussion provides an 
example of Ms. Gold’s use of probing. In this excerpt, she used probing to encourage 
students to explain their comments more thoroughly and provide justification. 
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As the lesson continued, the students were asked to solve additional problems 
using the same methods employed by the characters in the textbook. They sat with their 
partners and worked on the problems. Next, Ms. Gold summarized the lesson in a lecture 
format. To conclude the class, students were given time to identify and write down any 
patterns they noticed from Pascal’s triangle. Then Ms. Gold chose individual students 
who volunteered, to share their observations with the rest of the class. Students remained 
seated while Ms. Gold recorded and highlighted on the board a list of the patterns 
students described. When Ms. Gold was asking students to share the patterns they noticed 
in Pascal’s triangle, she asked students if they saw any symmetry. One student responded, 
“Yes.” Then Ms. Gold asked where the symmetry was but instead of waiting for a student 
response, she told the students the symmetry was vertical and continued talking about the 
symmetry in the triangle. Her response suggests the difficulty of changing instructional 
habits even when trying to implement changes into her practice.  
After students shared the patterns they noticed, Ms. Gold remained at the board in 
the front of the room and led students through an exploration of the binomial theorem 
with a quadratic function. Students were seated and copied notes from the board onto 
their handouts. 
In the second post VSR interview, Ms. Gold identified herself using every TDM 
at least once. She noticed that she used revoicing and probing to get a particular student 
to explain his comments. Towards the end of the lesson Ms. Gold acknowledged that 
when she led students through the exploration of the binomial theorem, she had noticed 
that the class period was running out of time and so she closed down the discussion. She 
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said, “I kind of had to just kind of force this along...I really had to rush through the last 
bit of this...So I’m not sure I did very much discussion. I think I was just walking them 
through it.” If time was not a constraint, Ms. Gold reported that she would have asked 
students to determine whether they could apply the newly discovered binomial theorem 
to a different type of problem and then do a similar exploration of using the binomial 
theorem with a cubic function.  
Ms. Gold’s comments throughout this interview primarily focused on her 
students’ lack of interaction with each other during partner work and lack of engagement 
with each other’s reasoning during the very short whole class discussion time. She 
identified two students not talking to each other during the partner work. She also noticed 
the students were not looking at whoever was speaking. She observed their heads were 
not turning to face the speaker. Furthermore, when Ms. Gold asked a student to revoice, 
the student did not actually revoice the original statements but stated her own thoughts on 
how to answer the question being discussed. Ms. Gold interpreted students’ actions 
described here to mean that the students were not really listening to each other. After 
further discussion, Ms. Gold recognized that if she used asking more regularly and 
enforced students’ responses, she would be giving students more of a reason to listen to 
each other. Additionally, Ms. Gold thought her students were not listening to each other 
because they were honors students. She commented that honors students do not question 
each other’s strategies because they want to learn new methods and understand each 
other’s thinking. Ms. Gold claimed that students in her honors classes were more 
concerned with making sure their own thinking was acceptable especially if it was 
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different from other students’ reasoning. In other words, her students wanted to make 
sure they themselves were correct rather than engage with each other’s reasoning. 
Another reason Ms. Gold provided for students not listening to each other was that she 
began using the TDMs in the middle of the school year. She said, “there is different 
conventions or expectations that have been set one way since the beginning of the year 
and [I’m] trying to fix them, but it’s hard” (Second post-observation VSR interview).  
One theme that emerged from the data was that Ms. Gold wanted more student 
engagement in her class. Furthermore, during this second post-observation VSR 
interview Ms. Gold became more conscious of her own actions and her students’ actions 
in terms of engagement. She noted that talking about how the TDMs could be used in 
purposeful ways to meet her goal of engagement was especially helpful.  
The comments from Ms. Gold’s second post-observation VSR interview are only 
one example of how Ms. Gold’s beliefs on student engagement were evolving. Her 
comments from her initial to her final interview provide another example; she recognized 
and mentioned that her expectations were evolving to include more student engagement 
and discussions. In addition, her descriptions of the role of the teacher and the role of the 
students expanded over time to include discussion. At the end of the observations when 
asked what students need to do to be successful in her classes, Ms. Gold commented that 
it was probably not enough for students to just sit and listen, but rather they need to ask 
questions, answer questions, and “talk to group members.” She also noted that her 
students needed to be listening, thinking, discussing, and being engaged. One TDM she 
mentioned that helped her increase student engagement was waiting. She found it 
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especially helpful in encouraging more than the same few students to participate in 
discussions.  
 The third observed lesson began with a warm-up question that extended the 
students’ thinking beyond the previous lesson’s problem-set on areas of triangles. Ms. 
Gold wanted to have students discuss the warm-up problem and she used the TDMs of 
inviting, probing, waiting and revoicing to engage the class. However, the questions she 
asked, even though using the TDMs, were all closed questions with very specific 
answers. Thus, the student talk did not result in a whole class discussion at this time. The 
students were talking but their comments were in response to Ms. Gold’s questions and 
involved pre-determined answers.  
Following this warm-up activity, the sequence of activity structures for this lesson 
involved students working individually on calculating areas of polygons by decomposing 
the shapes into triangles, followed by a check-in with a partner to compare answers, and 
then concluding with a whole class discussion about the problems. Sequencing the 
activity structures in this way supported students in being ready and able to engage in a 
discussion. It provided students with time to process the task and formulate their initial 
thoughts. Furthermore, when students discussed their results with a partner, they were 
able to share and compare their ideas in a non-threatening situation possibly even 
modifying or solidifying their ideas. After students completed the problems asking them 
to find areas of similar polygons, Ms. Gold initiated a whole class discussion to build on 
the students’ ideas and generalize the concept of area of similar polygons dilated by an 
arbitrary factor. The discussion began by Ms. Gold asking her students the question: 
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“What would happen if they needed the area of a generic n-gon...if the polygon gets 
dilated by a factor of “r”?” Four different students participated in this discussion. Ms. 
Gold used the TDMs: inviting, waiting (for three seconds each time), and probing to get 
students to explain what the variables students were talking about represented or to say 
more about how the scale factor was incorporated into the formula they were deriving 
about area of similar polygons. Ms. Gold was using whole class discussion in this lesson 
to get students to explain their reasoning and apply concepts to new applications. For 
example, throughout the lesson she asked students questions similar to, “Who thinks they 
can explain it...why is it still r-squared?” and “how do you know that?” Additionally, she 
asked students to connect content (i.e., areas of polygons to areas of cross-sections of 
solids). As can be seen in lines 1, 3, 5, 13, and 17 of the transcript in Table 4.2.2 below, 
Ms. Gold’s use of the TDMs was to support students in making sense of this content.   
 
Table 4.2.2: Whole class Discussion from Lesson Observation 3 
1 T 
 
 
 
Okay, good so that’s something we can think about since we have that 
nice formula that we came up with yesterday for the area of a triangle in 
terms of two of its sides. We can see what happens and we see there the R 
squared pops up, excellent. What happens if it’s some generic n-gon? 
So some polygon with N sides, could be three, could be a triangle, could 
be four, could be 10, could be a 100 sided polygon. What do you think 
happens to the area when it gets dilated by a factor of R?  Randy? 
 
2 SR We get the area of R squared too. (inaudible) 
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3 T 
 
 
So same thing?  Whatever the area is, let’s say we start with an area of A, 
we are going to again multiply that area by R squared.  Is everyone okay 
with that?  Anyone have a different opinion?   
 
No, we all believe R squared. We are good with it. Okay, who thinks they 
can explain it because I see it makes perfect sense. Evan explained this to 
me because we had a formula for a triangle.  I saw where the R’s popped 
up.  I saw where that R squared comes from times this area, but this was 
for a triangle, right.  I have a lot more sides in an n-gon, I could have a 100 
sides not just three sides.  Why is it still R squared?  Sonny? 
 
4 SS I feel (Inaudible) 
 
5 T Okay, so you kind of the same thing Evan did and thought about what 
happens to that formula. There I see R squared because here is my original 
area. This is for a quadrilateral or like a rectangle or something where you 
have a length and width, and you are multiplying those two together. 
There I see R squared, okay cool. What about a pentagon? What about a 
100-sided polygon?  What’s going on there, Evan? 
 
6 SE Well the number of the triangles you can find in a polygon it’s the number 
of sides minus 2. 
 
7 T Okay, let’s stop there for a second. Let’s get everyone caught up, any 
polygon you could draw. So I don’t know. There is a pentagon. The 
number of triangles you could draw is N minus 2, you mean I can break 
this down into triangles?  So like there are two sides, there is a third for 
one triangle, two sides there is a third, so three triangles remember we did 
this way back when- where we talked about the area, not the areas we 
were talking about the angles in a polygon and this is what we did.  We 
broke it down into triangles and that’s where we got 180 degrees for each 
triangle times N minus 2? So remember that N minus 2 was because that’s 
how many triangles you can make? All right. Cool, I like that.  Keep 
going on Evan. 
 
8 SE  (Inaudible) Let’s see, r squared times A is the area of one triangle. You 
would do that times n minus 2 
 
9 T So, wait, say it again. 
 
10 SE You do R squared A times N minus 2. 
 
11 T So A is what, the original area? 
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12 SE No, the area of one… 
 
13 T Of one triangle. Okay, so we have like an A here maybe I will do A1, A2, 
A3 just for this particular example. Is that okay? So each of these is going 
to get when we dilate it- it’s going- it’s area is going to become R squared 
times that, right? We already thought about it for a triangle.  So this will 
become R squared A1, so this will become R squared A2 and that will 
become R squared A3. Okay? So walk me through that one more time- 
what’s going to happen now? 
 
14 SE (Inaudible) 
 
15 T I like what you have so far, I think the last little bit. 
 
16 SE I didn’t see the… if you divide it into triangles not all the triangles will be 
the same area 
 
17 T It’s true right, I should include different labels for these right? But I like 
this.  Can someone kind of pick up where Evan left off, how does this, 
tell me that I am always going to have that factor of R squared? Vinny? 
 
18 SV So if you add the together all the areas of those triangles, you have R 
squared A1 plus R squared A2 plus R squared A3 then you can factor out 
the R squared so it’s R square multiplied by A1 plus A2 plus A3…. 
 
19 T Good 
 
20 SV And then the A1 plus A2 plus A3 is the area that we started with... 
 
To conclude this lesson, Ms. Gold addressed the topics of volumes of solids and 
Cavalieri’s Principle. She presented this information in a lecture format but periodically 
asked students the rhetorical question, “does this make sense?” She did not ask them to 
revoice, add on, or clarify ideas she presented. When Ms. Gold watched herself during 
the post-observation VSR interview, she once again recognized missed opportunities. She 
realized that if she had asked her students to revoice her or summarize the presentation at 
the end, she would have known if students understood the content. She would have 
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gained information about the students’ understanding based on how they were talking 
about the content. Ms. Gold mentioned she ran out of time in this lesson just as she 
previously discussed in the first and second lessons and used time as a reason for not 
utilizing one of the TDMs with her students. She said, “I probably should have probed 
her more...but we were running out of time, so I was like, ‘I’ll just say it...’ I could say it 
faster.”  This is another example of how Ms. Gold dealt with time constraints; she fell 
into her previous instructional patterns of simply telling students the content. However, it 
is important to note that Ms. Gold was reflecting on her patterns and considering other 
options. 
 The importance of the sequencing of students’ contributions became more salient 
for Ms. Gold while watching the recording of this lesson. She noticed that after a 
particular student volunteered an answer, none of the other students questioned him. She 
reflected that she had noticed many different approaches to the problem, yet no one 
wanted to disagree with the first speaker. She noted that this situation occurred regularly 
in her classes. Based on this exchange, Ms. Gold decided that she would try to select and 
sequence student answers before they shared them with the rest of the class. She would 
begin with asking students to present who had the incorrect answers or methods and work 
the discussion towards the correct answer. Her purpose of this plan was to increase 
student participation and encourage a more productive mathematical discussion. 
Specifically, Ms. Gold was trying to get students with incorrect answers or different 
strategies to engage in the discussion because she was concerned that their voices were 
not being heard. 
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 The focus of the fourth observed lesson was on spheres and applying Cavalieri’s 
Principle to finding volumes of spheres. It was shorter than usual (40 minutes) due to a 
change in the daily schedule. Ms. Gold started by having students work with a partner to 
see if they could find a cross-section of a bi-cone that had the same area as the cross 
section of a sphere. She next facilitated a short discussion about the cross-sections. 
Following the discussion, the rest of the lesson consisted of lecture, partner work, and a 
brief summary of the lesson by Ms. Gold.  
At the start of the short whole class discussion (approximately 4 minutes), Ms. 
Gold explicitly mentioned that she had heard many different ideas and opinions when 
circulating among the groups. She first wanted to hear from the students who said they 
found cross sections with equivalent areas (knowing that there were no cross sections 
with the same areas). Students with the wrong answer began explaining their reasoning 
and then students with the correct answers added onto parts of the first speakers’ 
comments and explained why they disagreed with the reasoning. Students were listening 
to each other and engaging in each other’s reasoning. Table 4.2.3 below highlights the 
discussion where Ms. Gold selected students with incorrect answers to present their 
thinking before students with correct answers present their thinking. 
Table 4.2.3: Lesson Observation 4 – Selecting Incorrect Ideas to Present First 
 
1 T 
 
 
 
Hmm, hmm, write it down, write it down. [Teacher walking around] Nice.  
Let’s see.  Nice.  Lots of writing, I like it. 
 
Okay guys, let’s come back together, please. I want to hear your thoughts.  
Walk around, I saw lot of different stuff and opinions going around. So, I 
heard some people say, yes, that a bi-cone makes sense here to compare to 
a sphere and I heard some people say no.  Okay?  So how about the yeses? 
If you said yes, can someone explain why you think this would be a really 
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good match for a sphere. Candice? 
 
2 SC So I said yes because as long as like the cross-sections of the bi-cone, as 
long as they’re like perpendicular to the base then it has been circle, or 
like… 
 
3 T Do you mean parallel to the base? 
 
4 SC Parallel 
 
5 T So you’re cutting across this way if you’re thinking about the picture on the 
page, right? 
 
6 SC Yeah, and then they’re all going to be circles, just like a sphere. 
 
7 T So that’s good. Same shapes cross-sections, all right, and what else?  So 
just having a same shape isn’t good enough. We need to have the same area 
too, so… right?   
 
8 SC Oh yeah 
 
9 T Anyone want to add to that for yeses.  So they have the same shape, but 
what was – remember what Ron was talking about how the circles change. 
Does that fit here…? What’s going on?  Yeah? 
 
10 SE They get increasingly smaller as you go away from the center, but I don’t 
think that it necessarily means you can directly compare it to the sphere 
when you’re using Cavalieri’s Principle. 
 
11 T Okay, hold that thought.  So you said, they – do the cross-sections will get 
smaller areas as you go away from the center, right? So as you go towards 
the top, they get smaller and smaller circles and as you go towards the 
bottom, you get smaller and smaller circles, right? Which fits a sphere 
because the sphere is biggest in the middle, we said, right, and then get 
smaller towards the end.  So that fits – you said, you don’t think that’s good 
enough.  Explain that part a little more. 
 
12 SE The rate in which the circles get smaller as we move away from the center 
is different in a circle – in a sphere than it is in this bi-cone because since – 
if you can – since the sides are curved, I think circles like decrease 
exponentially or something like that... 
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13 T Okay. So we have a sphere here. Picturing a sphere, right? Okay.  The 
circles are getting smaller, but you were saying they’re getting smaller at a 
different rate for a cone, can someone fill in how would a cone’s circles 
decrease as it gets towards the top, let’s just think about the top?  Spencer? 
 
14 SS I think it would be a constant rate.  The area would get smaller in a cone at 
a certain rate. 
 
15 T A constant rate. 
 
16 SS Yeah, at a constant rate, whereas in the sphere, the rate changes depending 
on where you are on the sphere. 
 
17 T Does that make sense? 
 
18 S (Inaudible) It might be described by function... 
 
19 T 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Yeah, like, Evan said, “maybe exponential,” I don’t know, but it’s different 
you’re saying than the cone being constant. Does that make sense to 
everybody? The cone right here is kind of a cross a slice of the cone 
vertically, right? Those circles, their diameters are getting smaller and 
smaller as we go towards that tip, but at a constant rate, right, because we 
have two lines creating the sides of a cone, right, going up to that point.  
It’s going to be very constant. We’re going to get all these similar triangles, 
if you can picture similar triangles as you cut across, right. It’s going to be 
a constant rate of how the radius actually changes for each of those circle 
cross-sections, right? A sphere’s more rounded, like Erik and Sam were 
saying. Okay? So think about if this is the center of my sphere. Everyone 
have eyes up here, please. 
 
This is the center of my sphere. As I go and move my cross-section up, my 
circles are still pretty big as I’m close to the middle, and they’re still – they 
get small a little bit, but they’re still pretty big and it’s only right the very 
top where they get really, really small really fast, right? So they’re not 
changing as fast towards the middle and they only change really quickly at 
the top, or the bottom, right, same thing will happen on the other side. Very 
different than the cone, how the cone’s cross-sections are changing. Does 
that make sense? 
 
So overall, actually I think this bi-cone is not going to work out very well to 
compare to the sphere, right? At every level, every cross-section, the cross-
sections are not actually going to always be the same here again. It might 
work in the middle, but towards the tops, they’re not going to be the same.  
All right?  
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The transcript above illustrates Ms. Gold’s efforts to make changes to her 
practice. She previously reflected on how her students were disengaged when she was 
hoping for them to share their ideas. In this case, she was purposeful in how she opened-
up the classroom discussion to ensure students listened to each other and responded to 
each other’s comments by selecting students with incorrect answers to speak first.  
When watching the fourth lesson Ms. Gold was proud to point out the way she 
had changed her facilitation of whole class discussions. It was in this discussion where 
Ms. Gold saw her students engage in each other’s reasoning and respond to each other’s 
comments. As previously stated, Ms. Gold began the whole class discussion in this lesson 
by telling students she saw many different answers as she walked around the room. Since 
the cross sections do not have equal areas, Ms. Gold asked to hear from students who 
thought they do have equal areas first. Ms. Gold was trying to improve her classroom 
discussions using the techniques we discussed in previous post-observation VSR 
interviews and her efforts were successful. For example, after the first student presented 
an incorrect answer, another student disagreed with the comments. When he explained 
why he disagreed, he was building off of what the original speaker said and explaining 
how the reasoning was incorrect. In contrast to the conversation/discussion in the first 
lesson, this interchange had students listening and engaging with each other’s ideas. For 
example, students were adding onto and disagreeing with previous students’ comments. 
Ms. Gold was pleased with the results of this discussion. She stated, “I thought it was 
good because then you know I got her to say what I think a lot of kids were thinking of 
‘yeah sure it works,’ but they weren’t thinking carefully enough about it. Yeah it fits, you 
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know it’s bigger or smaller, whatever, but then people were able to be like ‘but I don’t 
think...’ and point out the flaws in that– for everyone who hadn’t thought about it 
necessarily, I thought that was good!” 
 With regard to the TDMs used during the fourth observed lesson, Ms. Gold 
initially planned to use waiting, inviting, revoicing and possibly asking. Throughout the 
entire lesson, she invited students twelve times, she used asking once and revoicing once 
and did not use waiting at all. In the post-observation VSR interview Ms. Gold reported 
that one of the times she invited a student she then immediately had to use probing 
because the student was not really answering the question asked of her. Towards the end 
of the partner work, Ms. Gold asked the students to tell the class what they concluded. A 
student reporting that a “donut-shaped” solid was a solution for the task they were 
working on. Ms. Gold noted that she could have probed the student to explain what he 
meant by “donut” and how the areas of the cross-sections connected to the other solids 
they were discussing. 
Although Ms. Gold reported early on that she was never explicit with students 
about her expectations for participation and the norms in the classroom, her comments 
throughout the lesson observations suggested that Ms. Gold was explicitly telling 
students how she expected them to engage in the classroom activities. For example, in the 
first observed lesson, Ms. Gold told her students to, “use each other to help figure stuff 
out” and” hopefully you got most of your questions answered by your partner.” These 
examples provide evidence that Ms. Gold was trying not to be the sole source of 
knowledge in her classroom. In the second observed lesson Ms. Gold had students 
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complete a warm-up problem with a partner and she explicitly encouraged collaboration 
and told the students to “work on that together.” In the third observed lesson she told her 
students, “talk this over with your neighbor,” again encouraging students to talk with 
each other. She also implied that she wanted multiple students to participate in talking 
during a whole class activity structure, as she told the students she was not going to call 
on one group because, “you guys have already talked, someone else” (Second Lesson 
Observation). 
In summary, Ms. Gold began the study with little knowledge of the TDMs and 
even less use of TDMs. During the MDISC course she reflected on using the TDMs and 
engaging students in conversations. During the observations, she was seen facilitating 
short discussions in her class. Over the course of the observations and VSR interviews, 
these short discussions were approached in more purposeful ways and led to more 
productive exchanges. Ms. Gold responded to watching the recordings of her lessons by 
articulating new goals more specific to her teaching practice and her students’ learning. 
She often used a lesson structure of having students work individually or with a partner, 
then share out and talk as a whole class. Her whole class interactions were often very 
teacher-directed but she had episodes where she used students’ thinking to direct the 
conversation and actually have a discussion. By the fourth observation, Ms. Gold was 
using the techniques discussed in the previous VSR interviews and it resulted in a more 
substantial and engaging (albeit short) whole class discussion. 
Throughout the lessons Ms. Gold repeatedly asked her students if they understood 
the mathematics being discussed; her students never responded to her. This questioning 
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technique did not provide Ms. Gold with any information about her students’ 
understanding. Although Ms. Gold was aware of this unproductive use of questioning and 
knew that using asking more frequently would provide more information about her 
students’ understanding of the content, she continued to pose this question throughout the 
four lessons. Ms. Gold’s struggle to replace her ineffective questions with the TDM 
asking, speaks to the issue of how challenging it is to create new norms and expectations 
that are different from pre-established norms and expectations.  
 
Why Changes Did and Did Not Happen 
The VSR interviews were a major factor that supported Ms. Gold in her use of the 
TDMs and discussions. The lesson observations provided her with an opportunity to 
reflect upon and purposefully plan for the use of the TDMs in each lesson. For example, 
when planning for her first lesson observation, she mentioned that she intended to use 
“waiting” to address her concern that only three or four students tended to speak during 
discussions. In the final interview Ms. Gold further acknowledged that being observed, 
both by the researcher and school administrators, motivated her use of TDMs. Also, 
features of the textbook provided Ms. Gold support in using the TDMs asking and 
creating. In particular, the dialogue between students in the textbook provided Ms. Gold 
with students’ mathematical statements and ideas, even if they were imaginary students. 
As previously described in the section titled, Lesson Observations and Corresponding 
Interviews, Ms. Gold had her students revoice the discussion between the two characters 
in the textbook and then solve problems using the methods discussed by those characters. 
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Lastly, Ms. Gold believed that students should play a role in the classroom, in terms of 
the intellectual work. She stated that she was “not the only source of information” 
(MDISC Journal). Statements from her beliefs map supporting this belief are: 
“Mathematical knowledge is built from experiences and asking why,” “students are 
capable of asking and answering questions,” and “sharing of ideas.” In her reflections, 
she credited the MDISC course with influencing her beliefs about teaching mathematics: 
“I definitely think the ideas in the course have shifted my beliefs. A lot of the beliefs I 
started with already, have been amplified. The TDMs are techniques that really support 
my beliefs surrounding math being collaborative and inquiry-based” (MDISC Journal). 
During the second post-observation VSR interview Ms. Gold came to the 
realization that her students were not listening to each other when they spoke during the 
lesson. When asked to revoice something, her students did not think to rephrase the 
words previously spoken, but instead shared their own ideas on the topic, not the previous 
speakers’ ideas. Ms. Gold decided that if she asked students to revoice more frequently, it 
would become a “norm” and might provide motivation to listen more closely to each 
other. A few weeks later, in the next post-observation VSR interview, after she had 
purposefully implemented this TDM, Ms. Gold noticed her students actually listening to 
each other.  
Ms. Gold continued her efforts to encourage students to listen to each other and 
engage in the reasoning of others. “No one will ever argue with the first kid who says 
something because they think he is the smart one,” she said. “They will never say they 
get something different.”  Ms. Gold expressed a desire to change this pattern in future 
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lessons. Her plan, which was enacted during her fourth lesson observation as previously 
described in more detail, was to select particular students to share their “incorrect” 
answers with the class before students could respond with a correct answer. After she was 
able to try this technique she reflected that her students were better able to listen to each 
other, respond to each other, and engage in the practice of “critiquing the reasoning of 
others.” Ms. Gold said about one student’s answer, “I thought it was good because, then 
you know, I got her to say what I think a lot of kids were thinking of...but they weren’t 
thinking carefully enough about it.” In another part of the lesson one student commented 
on another student’s idea and then built upon it with his own thoughts. Pleased with the 
results, Ms. Gold said that “it just seems like he was actually listening to her too” (Fourth 
Post-observation VSR Interview). 
At the end of the observations, Ms. Gold claimed she was using the TDMs more 
consistently in her classes, even when she was not being observed. She said, “I definitely 
wasn’t as conscious of it in terms of...the planning process, of really sitting and thinking 
about it. But over the course of the last kind of couple months, I have started to do that 
more, even as I’m planning a lesson, if it comes to mind” (Final Interview). She did, 
however, mention that her use of the TDMs was more planned when she knew she was 
going to be observed. 
Throughout the study Ms. Gold reflected on how she wanted to make changes and 
why those changes would be beneficial. However, actually implementing changes into 
her practice were not always easy or successful. While Ms. Gold made positive changes 
to her practice and began to see results for her efforts, she maintained a level of teacher-
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directed instruction and provided reasons why she felt she was unable to fully incorporate 
the TDMs and productive whole class discussions into her practice. Ms. Gold claimed 
that classroom norms, students’ personalities, and short class times were restrictions on 
her use of TDMs and discussions. 
Ms. Gold’s classroom norms were already established when she began trying to 
incorporate the TDMs into her lessons about half way through the school year. When Ms. 
Gold first asked students to revoice, she said it felt uncomfortable. In future lessons, Ms. 
Gold wrote, “I need to try to incorporate this TDM into my practice more and more so 
that it becomes more natural for the students and myself. I think it will be more 
productive that way” (MDISC Journal). While her initial use of the TDMs may have 
seemed unnatural and unproductive, Ms. Gold expressed the need for more practice, and 
affirmed her commitment to develop them as classroom norms, rather than giving up. 
Although Ms. Gold explicitly began to value participation in classroom 
discussions for all of her students, she claimed that some students’ personalities stopped 
them from participating. She described some of her students as “very willing to speak up 
and contribute.” She continued, 
They’re the kids who feel like they know what’s going on and...they got a grasp 
on stuff...There are kids who are willing to... say a wrong answer cause they’re 
not sure but they’re still willing to take that risk...Then there’s the other type of 
kid where you know they don’t really want to participate. They’re shyer. They’re 
you know unsure... about their answer so they’re not going to put it out there 
because they don’t want to be wrong, they don’t want to call attention to the fact 
that they’re wrong (First Interview). 
 
“Not enough time” for productive and powerful discussions was a theme that 
consistently dominated Ms. Gold’s list of constraints. She listed it on her initial survey on 
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the first day of the course and mentioned it many times throughout her interviews. Ms. 
Gold noted that if she was pressed for time due to short class periods, she would revert 
back to IRE and simply correct students’ comments if they were off track. When 
specifically asked about any constraints to her use of TDMs or discussion, Ms. Gold said, 
“Time was a big constraint…When I’m worried about time, I’m less likely to use some of 
the moves” (Final Interview).  
 
Conclusion  
Ms. Gold’s beliefs map revealed that she always considered learning mathematics 
to be inquiry-based and collaborative. Right from the start, however, Ms. Gold’s 
comments on her use of IRE as well as her comments that only a few students were 
consistently participating or talking during class, made it was clear that her beliefs and 
practice were not aligned. She originally thought it was acceptable for her students to 
participate solely through listening to a classroom discussion. However, Ms. Gold 
eventually recognized that her students needed to do more than “listen.” Ms. Gold 
believed the MDISC course provided her with the tools she needed to bridge the gap.  
Observations of her own teaching and her video-stimulated recall interviews supported 
her to make further growth in aligning her beliefs and instruction.  
 While Ms. Gold felt that short class periods were a constraint to her use of TDMs 
and facilitating discussion, she maintained the belief that discussion was critical to her 
practice and students’ understanding of mathematics. Being observed, seeing the TDMs 
modeled productively, and having opportunities to reflect in the video-stimulated recall 
  
 167
interviews were all considered supports to her use of the TDMs and facilitating 
discussion.  
 Ms. Gold believed she was using waiting and probing prior to participating in the 
MDISC course. She noted that she found those TDMs easier to use than the ones she was 
learning about for the first time. Creating and asking were TDMs she had never 
attempted prior to participating in the MDISC course. However, Ms. Gold recognized the 
value of using these two TDMs and expressed a desire to incorporate them into her 
instruction. 
In addition to learning about discourse, Ms. Gold reported changes to her teaching 
methods. When she was asked how her teaching was influenced by the MDISC course, 
Ms. Gold replied, “I’ve definitely changed how I teach. At least when I’m thinking 
consciously of it...” (First Interview). This idea of “consciously” thinking about the 
TDMs was a constant theme for Ms. Gold. Her comment, “I want to try and keep using 
them; I want to try and be more conscious of thinking about planning for them” (Final 
Interview), highlights her struggle to implement discussions into her practice. 
Still at the end of the study, Ms. Gold reported that she needed to practice using 
the TDMs as they were not yet a habit. This sentiment supports her desire to make 
discussion more of a norm in her classes. Ms. Gold also commented that it would be 
better if she introduced students to the TDMs from the beginning of the school year as it 
would help them to adjust to discussions. Furthermore, Ms. Gold’s comments emphasize 
her desire to improve student learning through the use of discussion. She explicitly stated 
that she wanted to continue to practice and make purposeful use of the TDMs to facilitate 
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powerful and productive discussions in her classes even beyond the conclusion of the 
study. 
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CASE III: MS. WILLOW 
Introduction 
 In this section, I report on how Ms. Willow used discourse and described her use 
of discussions in one of her freshman CP2 level classes. To address the research 
questions, I analyzed data that were collected from the MDISC course, from Ms. 
Willow’s interviews, from the four lesson observations and from the video-stimulated 
recall interviews conducted following each observation. 
Both research questions are addressed in each of the three sub-sections used to 
organize this section. To provide some context of Ms. Willow as a teacher I first report 
on Ms. Willow’s beliefs and description of her teaching. Second, I describe how Ms. 
Willow came to understand and facilitate discussions and more specifically, the TDMs. 
Lastly, I discuss why changes to her instruction did and did not occur.  
  
Background on Ms. Willow 
At the time of the study Ms. Willow had a Master’s degree and was just one 
course shy of earning the maximum credits (before earning a doctorate) as defined by the 
system’s pay scale to increase her salary. She had professional status as she had been 
teaching for 25 years. Thus there was little work-related pressure on Ms. Willow to take 
the Mathematics Discourse in Secondary Classrooms (MDISC) course. She enrolled in 
the professional development course seeking to earn college credits but she also 
expressed that the course sounded interesting to her. Ms. Willow attended every class and 
actively participated in all activities and discussions throughout the course. Specifically, 
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Ms. Willow stated that she was interested in learning how to better facilitate 
mathematical discussions in her class (Use of Discourse Survey Form A).  
Prior to participating in the course, Ms. Willow had not been very reflective about 
her teaching. In one of her journal entries from the course, Ms. Willow wrote, “I never 
really thought about how I was teaching, I was just teaching the way I have always 
taught.” Furthermore, Ms. Willow reported that she had never considered how students 
were positioned in her classes. She wrote that she wanted to observe her students and 
notice their positioning and possibly change it.  
At the start of the MDISC course, Ms. Willow was asked to think about her 
instructional practices. Ms. Willow acknowledged that previously her teaching had 
tended to be “at the board.” Additionally, she claimed that students primarily directed 
their comments to her rather than each other during what she called “whole class 
discussion” time because they were answering her questions. She critiqued elements of 
her own teaching that helped her maintain mathematical authority. For example, she 
wrote that she used “IRE more than I probably should in my classroom” (MDISC 
Journal) and that she walked around the classroom telling students whether their answers 
were correct or not, both when they were working individually and in small groups. She 
further noted that if students disagreed, they probably were not speaking up because they 
might have been afraid to say something incorrect. She also speculated about how the 
TDMs could be used to gain insight into her students’ understanding of mathematics. She 
mentioned that she started asking students if they agreed with each other’s answers and 
recognized that “Using other discourse methods, such as asking students to revoice, or 
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probing, would probably give me a better sense of whether more students agreed or 
disagreed” (MDISC Journal).    
 Ms. Willow reported that her students usually worked in pairs rather than small 
groups because of behavioral issues. Even though the desks were arranged in pairs and 
Ms. Willow claimed that seating arrangement worked well for her classes, she also said 
she, “certainly would be open to trying some groups at some point too.” This comment 
implies that Ms. Willow did not have students working in groups at the start of the 
MDISC course. 
Early in the course when Ms. Willow created her beliefs map, discussion and 
student talk were not represented on her map. Her statements expressed her beliefs about 
students: “students learn from each other,” “students need guidance,” “mathematics is 
very difficult for some students,” and “technology aids in helping visual learners.” Ms. 
Willow believed that the role of teachers was to help students learn how to learn. During 
the first interview, Ms. Willow mentioned that students need to be able to “explain” their 
answers or answer a question when asked.  
 
Ms. Willow Focused on Using TDMs to Get Students to Share Methods and Talk to 
Each Other 
Before the course began, Ms. Willow’s definition of “whole class discussions” 
was limited and short. On the initial survey she wrote that whole class discussions are 
“when various students are discussing a topic in class that is facilitated by a teacher.” 
However, Ms. Willow acknowledged that whole class discussions were beneficial to her 
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students’ as knowers of mathematics. She wrote, “It gives kids a chance to contribute and 
feed off other kids.”  
 In Ms. Willow’s journal she described one of her early uses of the TDM asking, 
and that she used it to “see whether other students understood what [another] student was 
explaining,” (MDISC Journal). She reflected on a time when she asked the students in her 
Math 3 CP1 course to explain the difference between two forms of a sinusoidal function: 
 = sin( + 
) and y = sin(( − ℎ)). She continued to write that a student responded 
by saying one form was “factored out.” Then she reported asking a student to revoice the 
first and that student said the difference was one form of the equations was “distributed.” 
She continued to write that the next student explained what “factored out” meant and the 
students had a “clear idea of the difference of the two equations” by the end of the 
discussion. 
 Students who typically did not speak in Ms. Willow’s classes were of particular 
interest to her in one of her other journal entries. She wrote about a lesson from her Math 
3 CP1 course where she provided students with two minutes to discuss with a partner 
what would happen to the graph of a sine function if she changed the constraints. She 
wrote that many of the students who did not usually participate in her class discussed the 
mathematics with their partner and shared their thoughts with the rest of the class. Then 
she wrote about a particular student who she reported was failing at the beginning of the 
school year, never completed homework or took notes during class, and did not make eye 
contact when someone was talking to him. However, during this lesson, Ms. Willow 
noticed the student was talking to his partner and when it was time for the partners to 
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share with the whole class, this student spoke for his partner and himself. Ms. Willow 
appeared excited about the level of student engagement she was noticing for the first time 
with the students she described as “quiet.” 
 With the exception of one journal entry, Ms. Willow primarily wrote about her 
early experiences using TDMs in her Math 3 CP1 and Calculus AP courses. One journal 
entry included some reflections on a lesson she was planning to teach in her Math 1 CP2 
course in the following week. Ms. Willow stated that she found it “more difficult to 
include the teacher discourse moves” in her Math 1 CP2 course. However, she planned to 
use the following TDMs in this particular lesson: asking, inviting, and creating. 
Furthermore, she wrote that she planned to “do something similar as [she] did in [her] 
Math 3 class,” where students worked with a partner first, then shared out to the whole 
class. Ms. Willow’s journal entries suggest that she was primarily learning to use and 
reflect on her use of TDMs in her Math 3 CP1 and Calculus AP courses prior to 
purposefully, or consciously using them in her Math 2 CP2 course. The comments in the 
letter Ms. Willow wrote to her “future self” provided additional evidence supporting this 
claim. Her letter stated that she wanted to use the “idea of students working together 
briefly and sharing with the class their solutions” more often in her Math 1 CP2 course as 
it “worked well to make the discussions powerful” in her Math 3 CP1 course. Also, Ms. 
Willow claimed that her use of TDMs was becoming more natural in her Math 3 CP 1 
course and she hoped it would “become more and more natural in [her] Math 1 class as 
well.” 
Following her initial efforts to promote student talk, Ms. Willow saw some results 
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that motivated her to continue implementing new techniques. Ms. Willow used the idea 
of giving students time to discuss in a small group before sharing their thoughts with the 
whole class. She noticed that this new practice gave the quiet students an opportunity to 
feel comfortable about talking in class. She wrote, “One very shy student who rarely 
talked in class, actually voluntarily spoke for his group. I was very impressed and I will 
definitely try the discuss-and-share again” (MDISC Journal).   
Ms. Willow concluded the course with a better understanding of discourse and the 
TDMs. She noted that “many aspects of mathematics discourse were new...others were 
things that I already do” (Use of Discourse Survey Form C). She claimed, “the main 
TDM that was fairly new to [me] was student revoicing [asking].” In addition, she wrote 
that “it gives students a chance to be positioned higher than normal” (MDISC Journal). 
But she explained further that this particular TDM was not as “automatic” as some of the 
others that she had been using for a long time and she was more familiar with such as 
waiting and probing. She also recognized that she could improve on her use of the 
TDMs. She wrote that she “learned lots from this class. I just need to practice them more” 
(Use of Discourse Survey Form C).  
Ms. Willow’s explanations about the features and benefits of classroom 
discussions evolved over time. She added some information when asked to define whole 
class discussions at the end of the course. In addition to reporting that the teacher is the 
facilitator in whole class mathematical discussions, her definition expanded to include 
that “the students tend to use more ‘mathematical language’ while in whole class 
discussions” (Use of Discourse Survey Form C). She wrote that a benefit to mathematical 
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discussions was that “students learn how to express themselves mathematically. They 
learn more by revoicing other students” (Use of Discourse Survey Form C). She 
expanded on this comment a bit in her second survey, saying that classroom discussions 
help students learn from more students than just the peers they are grouped with.  
 Lesson Observations and Corresponding Interviews. The first lesson 
observation focused on statistics, more specifically, categorical data. Ms. Willow began 
the lesson with a brief lecture reminding the students about the numerical, or quantitative, 
data they had previously studied. Then she introduced a problem that could be 
represented with categorical data. Next she invited the students to share with the class 
their opinions and predictions of how the hypothetical students in the problem would vote 
on the problem she presented. It was evident that Ms. Willow was trying to get students 
talking as she used the TDMs: probing, asking, and waiting. However, the content being 
discussed was about the context of the problem (whether school should begin and end an 
hour earlier) rather than about mathematics. See Table 4.3.1.  
Table 4.3.1: Ms. Willow’s Use of TDMs in First Lesson Observation 
1 T 
 
 
 
 
 
 
Either you’re an athlete or you’re not an athlete. That’s one of your 
variables. And your second variable is whether you agree with the 
statement or disagree. The statement they’re talking about is classes 
should start and end one hour later. So before we talk about that, why 
do you think that athletes and non-athletes would differ in their 
opinion on whether they think that classes should start and end one 
hour later? Can anybody tell me, Nancy? 
 
2 SN Athletes are into sports and non-athletes probably value education. 
 
3 T So how would that – which one would they agree or disagree with? 
 
4 SN Athletes would agree to end school an hour quicker and non-athletes 
would disagree. 
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5 T 
 
 
 
Okay. Can anybody re-, say what Nancy said, but say it in a different 
way because that was absolutely awesome? But let’s see if somebody 
else could say the same thing. Can somebody else repeat what she 
said?   
 
What did Nancy say? Did you understand what she said? What’s that, 
Ronaldo?  No, you didn’t understand what she said? 
 
6 SR Couldn’t hear. 
 
7 T You couldn’t hear her. Okay, so let’s get Nancy to say it a little bit 
louder. Go ahead. 
 
8 SN I said the athletes would agree with that because the school ends an hour 
quicker and that there is more time to play sports and non-athletes 
wouldn’t – don’t like care about sports and they want to spend more time 
on education. 
 
9 T 
7:41 
Okay. Now can anybody try to tell me what she said? I want to make 
sure you guys understood her. Go ahead, try, Tori. 
 
10 ST She – I think she said it perfectly. 
 
11 T Okay, and she did, but so tell me so that I – I want to make sure that 
you understood what she said. And you could say the exact same thing, 
I don’t care because you’re not going to remember her word for word 
anyway. 
 
12 ST The non-athletes would obviously disagree because it doesn't benefit 
them but it benefits the athletes because they have more time to practice 
now. 
 
13 T That is awesome. And you know what? You didn’t say exactly what she 
said. You said in your own words and that’s exactly what I was looking 
for. So, okay, so now I’m going to say that you could tell me whether 
I’m saying – Nancy, you could tell me whether what I’m saying is what 
you meant so that whole class could hear. So basically what you’re 
saying is that athletes might want to end – start school earlier and end 
school earlier, because they want to have more time to do their sports 
after school. Yet non-athletes might say, oh, I’d rather get out later from 
school and be able to sleep in a little bit, because they don’t really care 
about the fact that after school they wanted need- you know, they don’t 
need the time for sports and so they might prefer to just sleep in. Is that 
– that’s what you said? Okay, good. So what do you guys think?   
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Do you agree with her? How many of you agree with her? E.J., you agree 
with her? 
 
14 SE No, I was going to say I disagree. 
 
15 T You disagree with her. Okay, go ahead. 
 
16 SE I seriously disagree with her because I’m pretty sure all kids would agree 
they’d want to sleep later. 
 
17 T 
 
 
 
 
 
 
 
 
 
 
 
End an – you think even athletes want to end an hour later and be able to 
sleep in?   
 
But if day light, if it gets dark by 5 o’clock and you end up not being able 
to practice very long after school, they might prefer it. But it’s possible 
that’s, you know, it’s really hard to tell what people would think. There 
might be a bunch of athletes that would in fact, there might be a bunch of 
athletes that would in fact prefer to sleep in as well. So you’re absolutely 
right. So now let’s – the question is, how can we analyze data to see 
whether this is true? You could certainly take data, you can interview 
people and figure out whether they’re an athlete or not an athlete and ask 
them whether they agree with the statement or not.  You could do a 
survey. And that’s what happened here. 
 
 The transcript above demonstrates Ms. Willow’s use of TDMs. Although the 
discussion lasted less than 4 minutes, four different students participated. Ms. Willow 
asked students to revoice and she asked students if they agreed or disagreed with each 
other. The students responded to Ms. Willow’s use of TDMs. However, the content of the 
discussion was not mathematics.    
Next, Ms. Willow explained how two-way tables are used to represent categorical 
data. Then she had the students work with a partner to create a two-way table to represent 
the data from the problem they were discussing. Ms. Willow encouraged the students to 
check their tables with their partners and see if they agreed or disagreed rather than check 
their tables with her. In addition, Ms. Willow walked around the room and helped 
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partners work together by inviting and revoicing. For example, she often asked students, 
“Okay, what do you think?” Ms. Willow brought the whole class together and shared one 
of the students’ methods for counting and organizing the data into her table before 
inviting other students to share the methods they used. Students then worked with a 
partner and Ms. Willow repeatedly encouraged students to work together and discuss and 
talk with their partners as she walked around the room and monitored the students’ work. 
While she claimed that she never made her expectations for using TDMs and student 
participation clear to students, she repeatedly made comments to her students explicitly 
telling them to talk to each other about the mathematics. For example, she said, “Are you 
guys working together Robert? You guys are working together on this? Okay, actually 
talk about it, talk about what you are writing...” At one point, Ms. Willow noticed a 
student organizing and keeping track of the data differently than the other students. She 
positioned this student as a knower of mathematics by sharing the student’s methods with 
the rest of the class and praising the student for her work. The lesson concluded with Ms. 
Willow sharing the answers to the problems before she collected data from the students 
that was to be used for their homework assignment. 
 While watching her first lesson observation, Ms. Willow stated that she was 
surprised at how many TDMs she actually used. She said this was surprising because this 
was how she taught and her use of the TDMs “was not purposeful…” While she noted a 
time she used revoicing and she checked-back with the original speaker she commented 
on a different time during the lesson where she asked a student to revoice but neither she 
nor the student checked-back with the original speaker. Ms. Willow’s use of full 
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revoicing was inconsistent in her instruction. Additionally, Ms. Willow was surprised at 
how well-behaved her students were during this lesson. She conjectured that one reason 
they were well-behaved was because the video camera was in the room. Another 
possibility is that the students were beginning to respond to her use of TDMs. 
In the second lesson, Ms. Willow first checked the students’ homework looking 
for completion of the assignment. Then she discussed the answers to the homework with 
them asking if they had a different answer they wanted to check with her for correctness. 
Some students shared they had different answers and Ms. Willow told them if their 
answers were correct or not. In general, Ms. Willow did not have students determine the 
correctness of answers. At one point while the class was going over the answers to the 
homework, Ms. Willow used many TDMs to get students to explain what the phrase, 
“corresponding parts of congruent triangles” meant. She used the TDMs: inviting, 
waiting, probing, revoicing, and creating. See Table 4.3.2. 
Table 4.3.2: Ms. Willow’s Whole class Discussion During Lesson Observation 2 
1 T 
 
 
So, let’s start with the homework. On the homework number one, AB, the 
only one that was yes was D. The rest of them were all, no. Number two, 
you could have said triangle DAF is congruent to triangle EGC or you 
could have said triangle ADF is congruent to GEC. Did anybody have 
something different and I can tell you whether it’s correct or not? Yes 
Andy. 
 
2 SA I had triangle CGE and uh how do you say it? 
 
3 S Congruent. 
 
4 SA congruent to triangle FAD 
 
5 T That is correct. Anybody else? Okay. Number three, explain the meaning 
of the statement, “corresponding parts of congruent triangles are 
congruent.” Who can try to explain that?  What does that mean? Ronaldo?   
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6 SR (inaudible) 
 
7 T Yeah, tell me what it means in your own words.   
 
8 SR (inaudible) 
 
9 T So if you place one figure on top of another it will match exactly?   
 
10 SR Yeah 
 
11 T Okay, do you want to expand on that Bobby? 
 
12 SB I was going to say wouldn’t they have to be the same...? (inaudible) 
 
13 T Well, if it matches exactly would it be the same? 
 
14 SB Yeah.  That would be like total match, will stay as the same figure, it’s 
kind of like…(inaudible) 
 
15 T So what would you do to change that? 
 
16 SB Same shape. 
 
17 
 
T 
 
Same shape? Okay. What do you think it means for corresponding parts? 
 
Corresponding parts, what does that mean?   
 
Anybody know what corresponding parts means? Faith? 
 
18 SF No. 
 
19 T You don’t want to try? 
 
20 SF Nope. 
 
21 T Andy? 
 
22 SA I’m not like a 100 percent sure, I’m like 20 percent sure on this. Two 
connecting angles? 
 
23 T So you are saying that angles, the parts mean angles? 
 
24 SA Yeah. 
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25 T Tori? 
 
26 ST The line segments. 
 
27 T 
 
 
 
 
 
 
Okay, so Tori says the line segments. So when I say corresponding parts 
of congruent triangles are congruent, what is that saying? Using what 
Andy and Tori said, angles and line segments, what does that mean?   
 
What does that mean corresponding parts of congruent triangles are 
congruent?   
 
You want to try Tori? You looked like you wanted to. 
 
28 ST I think I know but I am trying a little bit different. (inaudible) 
 
29 T Okay, go ahead and try. 
 
30 ST I don’t know. 
 
31 T It doesn’t have to be perfect wording. 
 
32 ST I don’t know. 
 
33 T Okay. Anybody else want to try? Do you want me to write it up here?  
What does that mean?  E.J.? 
 
34 SE Oh, I was going to tell you actually I did do my homework. 
 
35 T Thanks, E.J.. Do you know what this means? Corresponding parts of 
congruent triangles are congruent?   
 
36 SE Same. 
 
37 T What are the same? 
 
38 SE The parts of the triangle. 
 
39 T Okay, the parts of the triangle are the same- 
 
40 ST Which makes it congruent. 
 
41 T Which makes what congruent?   
 
42 ST Um the parts. 
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43 T Okay, so the parts are congruent, but you guys told me what the parts were 
right?   
 
44 ST The line segments 
 
45 T Line segments and angles are congruent if what, what has to be true for the 
line segments and angles to be congruent?   
 
46 ST The triangles 
 
47 T The triangles what?   
 
48 ST (inaudible) 
 
49 T Okay, so if the triangles are congruent then the line segments, 
corresponding line segments and angles are congruent of corresponding 
sides and angles are congruent. Okay, so a good way of writing it is if two 
triangles are congruent then the corresponding sides are congruent and the 
corresponding angles are congruent. Is that what you were trying to say to 
me, Tori? 
 
50 ST Yeah. 
 
51 T 
 
So I, that was what you were trying to say, awesome. Okay, do you guys 
agree with Tori? Does everybody agree with Tori? Does it make sense that 
that is really saying this?  Yes. 
 
An example of Ms. Willow’s use of inviting to get students to explain was when 
she said, “tell me what it means in your own words,” (Turn 7). During this discussion Ms. 
Willow waited 4, 5, and 8 seconds after inviting students to talk. She used creating once 
when she asked the students, “Using what Andy and Tori said, angles and line segments, 
what does that mean?” (Turn 27). Students did not immediately respond and Ms. Willow 
used waiting for approximately 8 seconds before she called on a student and then had to 
convince her to try to answer the question as seen in Turns 27–32. The student continued 
to refuse until she started talking in Turn 40. Ms. Willow was using TDMs and getting 
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students talking during this excerpt. The students contributed pieces of the meaning of the 
phrase, “corresponding parts of congruent triangles are congruent” but not one student 
explained the meaning in its entirety. It remains unknown from the students’ talk whether 
they understood the meaning or not. 
Next, Ms. Willow transitioned the students into small groups where she had them 
explore whether triangles with some of the same angle and side measurements were or 
were not congruent. This activity introduced the different triangle congruence postulates. 
The group activity was similar to one Ms. Willow completed from the MDISC course 
(See Appendix F). While students worked in their small groups of 3–4, Ms. Willow 
walked around and helped the groups to make sure they understood what the task was 
asking of them and reminding them of the primary question, “Which parts of triangles 
need to be congruent to determine the entire triangles are congruent?” Also, Ms. Willow 
told students to “go ahead and try” something instead of telling the students they were 
correct or off track. Students were still working on the exploration when Ms. Willow told 
them there were only a few minutes left in class and they would discuss their findings 
during the next class. 
 During the second post-observation VSR interview Ms. Willow reported that her 
goal was to have students working together. She stated that her students primarily tended 
to work independently even when instructed to work together. When prompted to talk 
about something that was happening during the lesson, her low expectations for some 
students became evident. She reported that she did not think a student could answer her 
questions so she was waiting for another student to help clarify. Furthermore, she said 
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that another student would probably fail for the year, because he did not do any of the 
work for this class. However, Ms. Willow was surprised that this particular student “got 
very much into this and you’ll see that he spoke many times during this class... He’s 
usually not participating in class. I don’t know what made him decide to participate but 
occasionally he does…– this happened to be one of those times.” While it is unclear 
whether Ms. Willow concluded that her students increased engagement was a result of 
her use of TDMs or sheer coincidence, it is evident that she noticed an increase in student 
participation from students who typically did not participate during class. 
 The majority of the rest of the interview was primarily focused on how a 
particular group was and was not working well together. At the start of the group work, 
Ms. Willow thought a particular group of three students was working well together on the 
task. When she checked-in with the group at the beginning, they asked her a question and 
two of the three students were talking about their strategy for completing the exploration. 
As she circulated back to this group, one of the group members complained that the other 
two students were not working. Ms. Willow and I had a long conversation about the 
dynamics of this particular group and group work in general. She questioned whether the 
third student in the group, who previously remained silent, actually knew what he was 
supposed to be doing. On reflection on this video clip, Ms. Willow thought that if she had 
used asking she would have known whether he had understood the other two group 
members’ comments and what the task was asking. Her reflection seems to indicate that 
she realized she did not know if she was interpreting the situation correctly and she 
reported using the TDMs would help her be able to gain more information from the 
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students. Additionally, Ms. Willow wondered whether the students’ perception of what it 
means to participate in class was different from her expectations. Upon further reflection, 
Ms. Willow indicated that she wanted to make sure she is explicit about the students’ role 
and the expectations for how students need to participate during group work. For 
example, she expected every student to contribute to the group work somehow and she 
reported that she would consider assigning different roles for participating in groups in 
the future.  
Ms. Willow also noticed that she was not using the TDM, creating as often as she 
had planned. During the pre-interview she said she wanted to use creating to compare the 
different methods students were using to complete the group activity. She anticipated that 
if students did things differently when completing the task, she wanted to compare the 
different methods and make connections between them. As she reflected on this during 
the post-observation VSR interview, she realized it did not make sense for her to use 
creating because all groups were doing the same thing and there was no variety of 
methods or strategies to compare. 
 After going over the answers to the homework in the third observed lesson, Ms. 
Willow had the students work with a partner to graph lines and conclude that the pairs of 
lines they were graphing were parallel because they had the same slope. Students were 
struggling to remember how to graph lines so Ms. Willow told them to substitute a value 
into the equation for “x” to find two points and then connect them. When students 
continued to struggle with this task, Ms. Willow reminded them of the “x-y chart” where 
students could create their own input-output table and then plot those points. Some 
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students began to make a table with many values and Ms. Willow told those students they 
only needed two points. The students were not incorrect but their method for graphing a 
line was inefficient. Ms. Willow repeatedly told students not to “waste time” finding so 
many points on the lines and just plot two points. While this could have been an 
opportunity for Ms. Willow to have students come to their own conclusion about the 
most efficient way of graphing lines, it did not occur. Ms. Willow later shared that it was 
not the objective of the lesson; it was intended to be a review of content studied earlier in 
the course. Next, Ms. Willow tried to get students to discuss their findings with the whole 
class. See Table 4.3.3. 
Table 4.3.3: Ms. Willow’s Use of IRE 
1 T 
 
 
All right. Okay, can everybody listen? Shhhh. Okay, what did you guys 
notice – and I graphed them up here for you, what did you notice about 
the graphs? Was there something you noticed?  Randal?   
 
2 SR They’re parallel 
 
3 T They’re parallel? Do you guys agree with Randal that those lines are 
parallel?   
 
4 SZ Yes 
 
5 T Is there anybody who doesn’t agree? Hold on, I want to hear what 
Clara says.   
 
6 SC Don’t they also have the same slope? 
 
7 T Do you think they have the same slope?   
 
8 SY Yes 
 
9 SW Rise over run! 
 
10 T Okay. What does slope represent in a graph?   
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11 SW The rise over run! 
 
12 T What does slope represent in a graph?   
 
13 SF Rise over run! 
 
14 T How – it’s rise over run, yes, and it’s how steep the graph is, right?  Now, 
what did you disagree with, Tammy? The fact that they – you don’t think 
they have the same slope?   
 
15 ST I said, ‘never mind.’ 
 
16 T Okay.   
 
17 SC I think the y was easier than the second y. 
 
18 T The first was easier than second? Okay. Now, here is my question. So 
you said that the graphs look like they’re parallel, what about the 
equations? What was true in the equations?   
 
19 SE They have different slopes. 
 
20 SF Same x. 
 
21 SW They have different slopes. 
 
22 T Not the same X, but the same what?   
 
23 SW Y. 
 
24 SN M! No. 
 
25 SK Slope? 
 
26 T Same M?  Do you remember this form? And what did M represent?   
 
27 SN Slope 
 
28 T The slope. So the M’s are the same, which means what Clara said 
about them having the same slope was exactly correct. So, what does 
mean? That means if two lines are parallel, they have the same what?   
 
29 SN Slope 
 
30 T Slope. And – so that’s the first thing that I wanted you guys to get.  
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Although students reported on the results of their exploration, Ms. Willow used 
IRE questioning. After students determined that parallel lines have the same slope, Ms. 
Willow led students through another exploration to find that collinear points have the 
same slopes.  
It seemed a norm for the students in Ms. Willow’s class to share different 
methods and strategies they used. For example, after Ms. Willow had a student talk 
through how she calculated slope with the formula, another student shared that she 
calculated the slope differently by counting on the graph the “rise and run.” While this 
could have been an opportunity for Ms. Willow to open-up a discussion and connect “rise 
over run” to the slope formula, this did not occur. 
During the third post-observation VSR interview Ms. Willow talked about her use 
of waiting. She said, “I do a lot of waiting. That’s the one discourse move I do a lot of...I 
think it’s just natural, that’s the way I teach. I have always taught that way.” Ms. Willow 
then went on to talk about when a student provided an incorrect answer she used waiting 
to get a different student to share the correct answer and explain why it was correct. As 
Ms. Willow was watching the episode unfold, she claimed that she could have probed the 
student and possibly he would have corrected himself as he talked about his answer and 
reason more. She also noticed that after a student did share the correct answer, she could 
have checked-back with the student who gave an incorrect response to see if he was 
convinced of the right answer or if he still believed his answer was correct. As students 
were talking during class, one student used the word “steepness” and as Ms. Willow was 
watching the video, she commented that she could have opened-up the discussion to ask 
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students what was meant by the word “steepness.”  
Towards the end of the class when Ms. Willow was watching herself calculate the 
different slopes on the board, she talked about having students write on the board. She 
said, “I do that often.  I get the kids up there too but I think I have a funny feeling that 
because of time I decided to just...  Cause that was a short block that day, and we had a 
short block the next day too, have a lot of short blocks lately... if I had had more time I 
might have actually given the time to find the slopes themselves but I think at this point I 
didn’t have a lot of time.” There was no evidence from the four lesson observations that 
students wrote on the board. This lesson lasted approximately 45 minutes. The issue of 
time and short class periods for why she could not use TDMs and discussion in her 
instruction appeared in Ms. Willow’s case for the first time. 
Ms. Willow reported that she was surprised by two things in this lesson. From 
watching herself teach, she became aware of the “fact that I didn’t do as much having the 
kids doing things it was more- I got them talking but not working together as much and I 
think that was a time issue.” Her perspective was that she got the students talking but it 
appeared that she recognized that she was not engaging students in a productive and 
powerful whole class discussion. Instead she was maintaining control over the 
mathematical ideas and talk. See Table 4.3.4. 
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Table 4.3.4: Ms. Willow Got Students Talking 
1 T Now, collinear is pretty straight forward, and I think – did we talk about 
collinear once before? Collinear just means they are all in a line. Linear, 
you’ll notice that collinear, the word line is in the middle of collinear.   
 
So are these all in the same line?   
 
2 S Yes 
 
3 T The answer is yes. And so what I want you to do is find the slope of AB 
and the slope of BC. Slope of AB, how do you find slope, do you 
remember your slope formula?   
 
4 S Rise over run. 
 
5 T Slope is the difference of the Y’s over the difference of the X’s. So slope 
of AB, who wants to help me find the slope?   
 
6 SC Oh I love doing this! 
 
7 T You want to help me, Clara?   
 
8 SC I have to break it down. 
 
9 T It’s okay. So, it’s seven minus what?   
 
10 SC Uhhhh 4! 
 
11 T Four, over? 
  
12 SC 5 
 
13 T Minus?   
 
14 SC Three.   
 
15 T Three. And you get three over two.  Now how about slope of BC?  BC. 
 
16 SC 5 oh no! 7... yeah – 7 minus 10 
 
17 T Seven minus ten over. 
 
18 SC 5 over 7 
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19 T – so, you get negative three over negative two, again is three halves.  Are 
the slopes the same?   
 
20 S Yes. 
 
21 T The slopes are the same.   
 
22 S Wasn’t there an easier way that we did and you were like...you should do 
it this way...  
 
23 T Nooo. 
 
24 ST No I did it a different way! 
 
25 T How did you do it, Tina? Okay, hold on. I’d like to hear what Tina 
has to say, Tina, so she did it a different way, go ahead.   
 
26 ST Um, I just counted like 
 
27 T You did rise over run?  Okay, so one way to do it is if you actually plot 
them as you say, oh, I rose, three ran two, up three over two, and since it’s 
got the same rise over run, they have the slopes, the points are collinear.  
Okay? Does that make sense? 
 
28 S Yes 
 
29 T 
 
 
Okay.  So that’s two different ways of doing the same thing.  Now there’s 
one other thing which is – one other thing that we need to go over that I’m 
going to go ahead and do now – what’s that? – okay.  So, all right so, 
number five asks are these two lines parallel?  Now these are not in 
y=mx+b form, the ones over here.  They’re not in y=mx+b form.  So, how 
can we tell whether they’re parallel or not? Precious?  Do you want to do 
what, go ahead and tell me in your own words? 
 
30 SP Subtract 3x – and do 10 minus 3x...(inaudible) 
 
31 T Okay, so Prada says, subtract three X from both sides and you get negative 
five y equals and I’m just going to write it negative three X plus 10, 
because I’d like to have it in y=mx+b form and then we’re going to do 
what? 
 
32 SP Divide (inaudible) 
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33 T Divide everything by negative five.  So, we get Y equals 3 over five X 
minus two.  Now what about on this one? Can we do the same thing, 
Bobby, can you help to do the same thing here?  
 
34 SB So would you subtract by 3x? 
 
35 T Subtract three X again and I get negative five y equals what?   
 
36 SB Okay now I’m (inaudible) 
 
37 T Can I just rewrite it like this, negative three X plus 15? Does that make 
sense or not?  Okay and then what’s out next step?   
 
38 SB Divide by 5 
 
39 T And what do we get–  
 
40 SB Y =  
 
41 T Y = what?  We have negative three over negative five 
 
42 SB Is it negative 3 over 5x? 
 
43 T Well it’s negative three over negative five, but what happens with two 
negatives?   
 
44 S So it just becomes a positive? 
 
45 T Just becomes positive, so you get three fifths X and 15 over negative five?   
 
46 SE 15 over negative 5 is negative 3! 
 
47 T Eli says negative three, do you agree with him?  Do you agree with him on 
that or not?   
 
48 SX Sure? 
 
49 T What’s 15 divided by negative five? 15 divided by five is three, and 
because of the negative, it becomes minus three. Are these two parallel 
now? 
 
50 SX No 
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51 SY No 
 
52 SG Yes! sorry I was looking at the y 
 
53 T How many of you think they’re parallel? How many of you think they are 
not parallel?   
 
54 SG I’m confused 
 
55 T How do you check to see if they’re parallel, who can tell me that?   
 
56 SH Graph them! 
 
57 T Well, we don’t need to graph them.   
 
58 SH See if they have the same slope?! 
 
59 ST That’s the slope! 
 
60 T You check, and where is the slope in the equation? I’m about to have you 
moved over there from now on.  Where’s the slope, Tina? 
 
61 ST (inaudible) 
 
62 T 3/5 is the slope here, 3/5 is the slope there.  If they have the same slope, 
that means what? 
  
63 S X They’re parallel 
 
64 T 
 
 
They’re parallel. 
 
All right, so here, everybody listen.  On the sheet that I gave you, on the 
back, I listed the two things that we learned. Two non-vertical lines are 
parallel if and only if they have the same slope, and points A, B and C are 
collinear if and only if the slope between A and B is the same as the slope 
between B and C. Underneath it – we have two minutes left.   
 
As stated, Ms. Willow tried to get students engaged and talking about 
mathematics, but by primarily using an IRE questioning structure. She noted that they 
were talking more than usual. The second thing Ms. Willow was surprised about was who 
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talked. She asked a student who was academically struggling to share with the class how 
to write an equation in slope-intercept form. According to Ms. Willow, this student 
usually responded to questions by saying he did not know or he was not paying attention 
so he was unable to answer. However, in this lesson, he answered Ms. Willow 
immediately and she was pleasantly surprised by this (Turn 33–44). While Ms. Willow 
was not facilitating discussions, she was increasing the student participation in her 
lessons. 
 The objective of the fourth lesson was for students to review for their final exam. 
Ms. Willow invited the students to recall the different forms of equations of lines. She 
spent some time trying to get students to remember the different ways of writing 
equations of lines and began by asking students how to calculate slope from two points. 
She waited up to 7 seconds before a student stated the formula for slope. Other TDMs she 
used were: inviting and probing until students were able to answer her question 
completely. Ms. Willow showed the students the equation of a line in point-slope form. 
After that, she told the students to “talk to the people next to [them]” to figure out the 
other two forms of equations of lines, referring to horizontal and vertical. This strategy 
was similar to a “think-pair-share” strategy. Next, Ms. Willow asked students what the 
two different methods for solving systems of equations were. After a student responded 
with “elimination and substitution,” the student asked how you know when to use the two 
methods. Ms. Willow said that was a great question and posed the question to the class. 
Students seemed to be confused by the question so Ms. Willow wrote three different 
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systems of equations on the board for the students to solve and determine which method 
was the most efficient. The three systems of equations written on the board were: 
 = 3 − 5     = 4 − 3   2 + 3 = 8 
 = 2 + 1   2 + 3 = 12   −2 +  = 9 
 
She then paired the students and had them “discuss” and “talk” to each other about which 
method they would use to solve each system. As Ms. Willow walked around the room 
and students worked with their partners, Ms. Willow again explicitly told students that 
her expectation was that they needed to talk to each other. She said, “have a conversation 
with Lisa” and “I want you to talk to the next person” and “you’re going to discuss it.” 
Ms. Willow was explicitly telling students to discuss which method they would choose to 
use for solving the systems of equations she wrote on the board. After each group stated 
the methods they would use and Ms. Willow recorded their methods on the board, she 
then asked the class, “So the question is, why did you say, why did you choose that this 
was either elimination or substitution?” See Table 4.3.5.  
Table 4.3.5: Ms. Willow Facilitated Students Sharing Their Reasoning 
1 T Substitution, elimination. Okay, so it seems like most of you either said 
this one or you said this one. There were maybe a couple of people that 
said this one. So the question is, why did you say, why did you choose that 
this was either elimination or substitution? Can anybody tell me?  Nina.   
 
2 SN Well for all three you can use both. 
 
3 T You can use both methods? You can use both methods, but what’s a 
preferred method, what’s the easiest? Farrah?   
 
4 SF Substitution - For the first one? 
 
5 T This one over here.  Why? 
 
6 SF (inaudible) 
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7 T Why? 
 
8 SF Because y equals (inaudible) 
 
9 T So, what you can do is where this Y is, you can substitute in the three X 
minus five? Since they’re both equal to Y, wouldn’t it be true that 3 X 
minus 5 equals 2 X plus 1? 
 
10 SF Yeah. 
 
11 T Do you guys see that? So that’s actually your substitution method.  
Basically, you’ll solve for x, once you find X, you are just going to plug 
back in to find Y. Your answer will be a coordinate (X, Y). You got to 
find out that X and Y, okay? Why would this one be substitution or 
elimination? Now that we did this one, you might have a better idea.  How 
many of you think its substitution? Simone, why do you think that's 
substitution? 
 
12 SS (inaudible) 
 
13 T Oh, that’s a good reason. Any time you have Y equals, go ahead, no go 
ahead. I want to hear what you have to say. 
 
14 SS Because y --- to get the other equation...(inaudible) 
 
15 T So, if Y equals 4 X minus 3, what can I do with that 4 X minus 3?  Plug it 
into where? What can I, since Y is equal to this, what can I plug in the 4 X 
minus 3? Yeah. 
 
16 SS Are you asking me?!? 
 
17 T Yeah. 
 
18 SC Obviously. 
 
19 SS Ms. Willow - I don’t know. 
 
20 SC Yes you do! Believe in your heart. 
 
21 T All right, Carmela, why don't you help me?   
 
22 SX You don’t even know what the question is. 
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23 SC No! I’m good. 
 
24 SX Don’t you just plug that into the y? 
 
25 T Exactly. Since Y is equal to that, can’t I substitute it in for Y?   
 
26 SF I said that! 
 
27 T So what you would end-up with? 2 X plus 3 times, 4 X minus 3 equals 12.  
Now you have an equation. Is that equation solvable? 
 
28 SY No. 
 
29 SZ Yes – what do you mean no!? 
 
30 SW Ya – I lied. 
 
31 T And once you find x you plug that into – back in for- 
 
32 SC That’s all you have to do?! 
 
33 T That’s all you have to do. 
 
34 SC Oh my goodness! Huh, I’m going to do homework problem. (inaudible) 
 
35 T 
 
Okay, hold on, wait one second, because I’m going to give you time to do 
that. This problem here,  
 
36 SH Wait – that’s substitution? 
 
37 T This one is actually - so these are both substitution. This one is 
elimination. All right, we’re going to go over this quickly because I need 
to give you guys some time to work on your packets as well. But this is 
elimination. Any time you don’t have Y solved for already, you’re going 
to use elimination and that means that you’re going to add the two 
equations together. If you add two X and negative two X, what do you 
get?   
 
38 SH Nothing. 
 
39 T Zero. Negative three Y plus Y?   
 
40 SJ Negative 2y 
  
 198
41 T Negative two Y and 8 plus 4 is 12. You now,  
 
42 SK You don’t need that zero there. 
 
43 T You get Y equals negative six.  You’re right, you don’t need the zero 
there.   
 
44 ST I have a question. 
 
45 T Once you get the Y equals negative six, you’re going to plug it back in 
here to find X, okay?  Yes. 
 
46 ST I have a question. Why couldn’t we just add the first one? 
 
47 T Add the first what, these two? 
 
48 ST The x’s and the y’s. 
 
49 T Well, you could have added the first one, you would have had to have 
multiplied everything by negative one first and got negative Y because 
negative 2 X minus one because when you add them you want to able to 
get rid one of your variables. So you can use elimination with that one, 
you just had to multiply. 
 
50 ST We only had one variable. 
 
51 T 
 
No, we have two X and Y. Okay, all right. So I want everybody to be 
working on two, three or four. I can check any answers that you want 
checked.  
 
In the excerpt above, students in lines 8 and 14 provide reasons for why the 
substitution method should be used, though the students’ response are not completely 
audible. Then other students shared their steps for solving the first two systems of 
equations with the substitution method.  Next Ms. Willow told students to solve the third 
system of equations using the elimination method since it did not follow the reasons for 
using substitution (Turn 37). Since some of the students chose different methods for 
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solving the same system, the idea that any method would work to solve any of the 
systems emerged from the talk. While this exchange might have led to Ms. Willow 
asking students to use both methods to solve the same system, and then discussing why 
one method was more efficient than another, this did not occur. As can be seen in this 
short exchange, Ms. Willow was not effectively using the TDMs to facilitate actual 
discussions.  
Ms. Willow mentioned during the post-observation VSR interview that this lesson 
was reviewing content they previously learned. As a review, she presumed that she would 
be presenting content to students. She did not appear to notice the missed potential for a 
robust discussion about the two methods. This may be because the time spent on 
determining the most efficient method for solving a system of equations was a student-
generated question. Next, Ms. Willow had the students work in partners on the rest of the 
review packet as she walked around the room helping answer student questions and 
checking their work. 
While she was not facilitating discussions, one TDM Ms. Willow worked on 
implementing was the TDM, waiting. However, her efforts were occasionally thwarted. 
Early in the fourth post-observation VSR interview, Ms. Willow mentioned that she used 
waiting to get a student to speak. However, an aide in the classroom did not let Ms. 
Willow wait for the student. She interrupted and reminded students of something she 
taught them when working with them weeks earlier. The aide was unfamiliar with the 
TDMs and did not realize what Ms. Willow was trying to accomplish. Ms. Willow was 
frustrated with this situation. She speculated that the aide was uncomfortable with the 
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silence and the aide interpreted the silence during Ms. Willow’s waiting to mean the 
students were unable to answer the question.   
Another form of waiting Ms. Willow used was after she posed a question to her 
class, she had her students discuss their thoughts with each other before sharing out to the 
whole class. Ms. Willow was pleasantly surprised that in the time she gave her students 
to think and discuss before sharing out to the whole class, her students talked about 
mathematics. Ms. Willow was possibly surprised because she either had not noticed her 
students talking about mathematics or she had rarely used this application of “wait time” 
prior to being observed. Furthermore, Ms. Willow said her students were becoming more 
comfortable sharing out to the whole class because she gave them time to discuss with a 
partner or small group first. She looked forward to using this practice from the beginning 
of the school year with her Math 1 students next year.  
 Ms. Willow’s comments on her planned use of TDMs were contradictory. 
Reflecting on her planning process, Ms. Willow reported that she would try to make sure 
she used TDMs when she knew the researcher was observing her class. However, she 
also claimed she was using the TDMs regardless of whether she was being observed or 
not. Furthermore, she was enthusiastic about being able to observe some of the “things 
[she’s] been trying to get them to do in terms of working together” on camera to assess 
how well it was working for her (Second Post-Observation VSR Interview). While she 
described purposefully trying to get her students to talk to each other, she also stated she 
used TDMs without having planned for them. Ms. Willow stated that her department-
head noticed her use of TDMs in her teaching and brought it to her attention; she did not 
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realize at the time that she had incorporated them into her practice. This supports her 
statements that her use of the TDMs was not necessarily planned but rather they were 
used spontaneously and suggests the possibility that Ms. Willow intuitively just 
incorporated some of the TDMs such as waiting into how she questioned students.  
In summary, Ms. Willow was using TDMs to get students’ voices heard in her 
lessons. The TDM she used the most and was the most successful with was waiting. She 
regularly used waiting for up to 8 seconds in her observed lessons, claiming this came 
natural to her and it was just part of her repertoire. She used the other TDMS to get 
students to talk especially by having them work and talk in small groups or with a 
partner. Simply having students “talk” rarely led to Ms. Willow facilitating a whole class 
discussion and the interchanges she had as a whole class often followed more of an IRE 
pattern. However, she was providing students with more agency and this led to better 
behavior and engagement among her students. Ms. Willow was often heard throughout 
the four lessons telling students that she expected them to talk to each other and discuss 
the tasks and work together. She tried to reinforce discussion norms by repeatedly telling 
students to talk with each other. It was in the final post-observation interview that Ms. 
Willow saw her students actually doing this — discussing mathematics with each other in 
their small groups. Additionally, Ms. Willow stated that she probably used creating the 
least of all the TDMs. However, she “would love to work on that next year to try to do 
more of that,” (Final Interview). 
The observations and post-observation VSR interviews also provided Ms. Willow 
with an opportunity to reflect on her teaching practice and facilitation of discussion more 
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generally beyond the TDMs. The way Ms. Willow described her classroom and elements 
of her teaching evolved especially following the observations. Ms. Willow’s description 
of her classroom became more student-centered compared to her first interview and early 
course writings.  For example, in her final interview, when Ms. Willow was asked about 
hiring a new teacher and what she would look for to represent the ideal teacher, her 
response explicitly included and described discourse and discussion, providing evidence 
that Ms. Willow’s thinking about what is important to teaching had changed. While Ms. 
Willow did not initially mention TDMs or talk specifically in her response to what 
students need to be successful in her class, she mentioned student participation. When I 
asked her to explain what she meant by “participation” she said, “working with other 
students ... when I paired off students to discuss something... you know some of the 
participation would be just sharing within the class, sometimes by rewording what other 
people have said, revoicing, and basically just sharing with other students what they’ve 
learned.”  
 
Why Changes Did and Did Not Occur in Ms. Willow’s Instruction 
Ms. Willow reported three factors that motivated her to try to use TDMs and 
facilitate classroom discussions. These motivating factors included researcher and 
administrator observations, observations of changes in students’ behaviors as well as 
changes in students’ participation in discussions, and the course level she was teaching 
(CP2). These factors emerged from the interviews conducted with Ms. Willow. 
 By the final post-observation VSR interview, Ms. Willow noticed how well her 
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students were discussing mathematics in small groups and then sharing with the entire 
class. She noted her students were getting more comfortable with this classroom structure 
and commented that she wanted to institute that structure from the beginning of the 
school year next year to get students even more “comfortable” with it. One can infer that 
seeing change in students’ behaviors and interactions in the classroom encouraged and 
motivated Ms. Willow to think about using techniques she had learned from the course, 
and to start using them from the beginning of the year to make discourse a norm in her 
classroom. 
Ms. Willow noticed that even the quiet students participated in discussions as 
long as she specifically asked them to. She initially thought that whether students spoke 
or remained quiet during class was because of their personality. Ms. Willow came to 
realize that if she wanted all students to participate in the classroom discussion, then she 
had the authority to make that happen. Ms. Willow elaborated to say that she needed to 
make that expectation clear to students so they would respond accordingly. 
While the professional development course did not cause her to remove or change 
statements on her original beliefs map, it did influence her such that statements related to 
discourse dominated her final map. She wrote:  
• Students should be able to explain their methods. 
• Learning is active not passive. 
• Learning can be enhanced by use of various discourse methods. 
• Teaching is encouraging students to share their knowledge with others. 
• Teachers encourage multiple methods. 
• It is important for students to be able to write and voice math. 
• Student discussion in groups can shape a class discussion. 
• Students learn by revoicing other students. 
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Ms. Willow became aware of the value of talk in her own teaching practice as 
well as in her students’ learning of mathematics. However, it is unclear if she realized all 
the opportunities she missed to conduct powerful and productive discussions. Based on 
her statements above, it can be concluded that she believed that discussion is a valuable 
instructional method that supports students’ learning yet it is unknown if she understood 
what a discussion actually entailed. Instead, she seemed to better understand how 
conversations might help her as a teacher grasp what students did or did not understand 
about a topic. In her reflection on her final beliefs map, Ms. Willow wrote,  
“This course has opened my eyes to more ways of engaging students...Before this course, 
I felt that the most important part was understanding [mathematics] well enough to 
perform well on tests and quizzes. I have changed that thought and think more about what 
they can show me during class.” 
 At the end of the professional development course, Ms. Willow mentioned that 
she included the students more in her lessons by asking students to explain “why?” after 
they gave a correct answer instead of just “moving on…” This statement suggests a shift 
in her instruction toward promoting agency for students and getting students to talk about 
what they did and didn’t understand. 
Although Ms. Willow initially identified the importance of discourse in her 
classroom, it took time for her to identify benefits. In particular, watching her own 
teaching and reflecting on what she saw over the course of four months seemed to have a 
powerful effect. It is interesting because Ms. Willow stated that her beliefs did not 
necessarily change throughout the duration of this study, but she identified that she 
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became more aware of her beliefs. It also seems that while she never disagreed that 
discussions were important, she felt that she learned how to facilitate them better. 
Furthermore, consistent with the teacher in Cavanna, Herbel-Eisenmann, and Seah’s 
(2015) study, it can be implied that Ms. Willow was able to see the value of them by 
watching herself teach rather than thinking about discussion in an abstract manner as she 
noticed more students participating in the classroom talk, specifically in her Math 1 CP2 
course. It seems this did not occur until Ms. Willow was observed teaching her Math 1 
CP2 course. However the observations of her lessons opened up her eyes to the students’ 
capabilities for talking about mathematics. 
Since most of Ms. Willow’s journal reflections from the MDISC course describe 
her use of TDMs in her CP1 and AP courses, it seems as though she had been using the 
TDMs in her other classes and until she was asked to participate in the lesson 
observations and interviews, she may not have been using the TDMs in her CP2 course. 
Ms. Willow was using TDMs from the first lesson observation and seemed comfortable 
using some of them throughout the four observed lessons. However, her students’ short 
answers throughout the lessons and sometimes reluctance to respond to Ms. Willow’s use 
of inviting and probing, suggest they were not used to the TDMs.  
Even though Ms. Willow came to believe that discourse was important to her 
students’ understanding of mathematics, there were two factors that she claimed 
restricted her use of TDMs in her classroom. First, she mentioned and wrote about the 
issue of time throughout the course and while watching herself teach on video. In the Use 
of Discourse Survey Forms B and C, Ms. Willow claimed that she believed “time” was a 
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constraint to her use of facilitating discussions in her lessons. Additionally, while she was 
watching her third observed lesson, she repeatedly said, “If I had more time...” (Third 
Post-Observation VSR Interview). At Coffee High School the length of the classes differs 
throughout the day as well as on different days, and the particular class she was referring 
to lasted approximately 45 minutes.  
Not only did she feel the pressure of time constraints, but secondly she noted the 
challenges of discussions with her students in her CP2 courses, which are not typically 
fast-paced courses. She reported that students in her honors class responded better to the 
TDMs. However, she believed that using the TDMs was important for her students in 
CP2 courses as well and she planned to incorporate them more in her practice. In the final 
interview, she claimed, “I am going to try to incorporate [them] more, because I think it's 
good for them. In terms of lessons you know there are definitely certain lessons that are 
more explanation-based.” She said it was harder for her to use the TDMs in her CP2 
course “because they are lower level and they tend to, it's just a little harder to get them to 
do that stuff,” (Final Interview). Ms. Willow believed the students in her CP2 courses 
needed more time to adjust to the TDMs and more practice to develop discussion as a 
classroom norm than the students in her other classes. Her expectations for students in 
her CP2 courses were unambitious. She reported in her final interview that she wants to 
use them from the beginning of the next school year with her CP2 students to see if the 
TDMs “work a little bit better.”  
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Conclusion 
In conclusion, Ms. Willow’s thoughts on the role of discourse in her classes 
evolved as a result of both the professional development course and watching herself 
teach in the post-observation VSR interviews. Prior to her participation in the 
professional development course, she held the belief that achieving on tests was the 
measure of success in her class. Furthermore, she wasn't sure that students would even 
recognize the role of discussion in her classroom. At the conclusion of the professional 
development course, Ms. Willow believed that talk was critical to her students’ success 
and using the TDMs were the tools she needed to ensure that discourse happened in her 
classes.  
The lesson observations provided her with an opportunity to begin practicing the 
TDMs in her Math 1 CP2 course in particular. These observations allowed Ms. Willow to 
notice her students’ increased engagement when asked to talk and that she was able to 
recognize their understanding of a topic. In Ms. Willow’s comments throughout her 
journal entries from the MDISC course as well as her comments throughout the post-
observation VSR interviews, she acknowledged an increase in student engagement and 
mathematical talk during her lessons. For her use of TDMs to become an integral part of 
her practice, Ms. Willow claimed that she needed to practice using them and she needed 
to justify her use of them to her students so they were also aware of her expectations for 
them. 
Ms. Willow was able to describe and explain supports and restrictions to her use 
of TDMs and facilitating discussions. Ms. Willow perceived time, or short class periods 
  
 208
to be an underlying constraint. Likewise, her low expectations for students limited her 
ability to facilitate discussions with her CP2 classes. Classroom observations provided 
opportunities for Ms. Willow to reflect on her own teaching, and changes in her students 
were elements that motivated her use of TDMs. Her attempts to facilitate discussions was 
limited and often resulted in many students talking, but little discussion among students 
regarding the mathematical ideas presented themselves in the conversations. If Ms. 
Willow thought that she had always been using a particular TDM in her teaching 
practice, then she found that TDM easier to use than those she had never thought about 
prior to the course. While Ms. Willow’s beliefs and perceived use of the TDMs and 
facilitating discussion developed, she recognized that she still needed to practice using 
the TDMs more often and to start using them at the beginning of the school year. 
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CHAPTER V: CONCLUSION 
Introduction 
This research study examined how three high school mathematics teachers, who 
participated in a professional development course that focused on discourse in the 
mathematics classroom, used and described their use of discussions and specifically the 
teacher discourse moves (TDMs) with the students in their classes. The curriculum used 
for the professional development course, Mathematics Discourse in Secondary Classes 
(MDISC) was developed at Michigan State University by Dr. Beth Herbel-Eisenmann 
and colleagues. The course included readings, discussions, solving and comparing 
mathematical tasks, watching videos of teachers and students, and assignments for 
participants to try new techniques in their classes. Furthermore the course consisted of 
more than 36 hours of in-class time.  
 This study was situated in a suburban upper-middle class district. The high school 
in this district had more than 2,000 students and 23 math teachers. Overall, the students at 
this school achieve at high levels. The sample for this study was selected from 
mathematics teachers who participated in the MDISC course from October 2013 to 
February 2014. Three of these teachers were asked to participate as the focus of case 
studies for this research once the course was completed. These teachers were selected 
because of their excellent attendance at the MDISC course, the diversity of the courses 
they taught, as well as the diversity in the amounts of experience these teachers had 
teaching high school mathematics.  
There were five data sources used in this study. During the MDISC course, I 
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collected participants’ journal reflections, responses to their Use of Discourse Surveys, 
and their Beliefs Mappings. After the course was completed, I used interviews and 
classroom observations as the remaining data sources. Two of these sources, Beliefs 
Mappings and journal entries, were built into the MDISC curriculum. Surveys were 
administered during the MDISC course. Interviews and classroom observations were 
used to collect data in the months following the completion of the course. 
The Use of Discourse Surveys, Beliefs Mappings, MDISC journal reflections, and 
interviews were analyzed to determine how the participants described their use of 
discussions and TDMs. The Use of Discourse Surveys included ten 5-point Likert scale 
questions, which were analyzed quantitatively. The responses were examined for any 
changes from the initial survey administered before the course to the last survey 
administered after the course was completed. The Beliefs Mappings were examined for 
change from the start of the course to the end. Also, the participants’ statements on their 
maps were grouped together and used to describe the participants’ beliefs related to 
discourse and teacher learning. All interviews were semi-structured in format. An initial 
interview and final interview were conducted just before and after the lesson 
observations. Pre-observation interviews occurred the day before or the day of the lesson 
observation to discuss the participants’ lesson objectives and plans for discourse. Post-
observation VSR interviews were conducted within a few days of each observed lesson. 
After the interviews were transcribed the MDISC journal reflections and interviews were 
coded using the following categories: TDMs, instructional emphasis and activity 
structures. Furthermore, if participants mentioned affordances or constraints to their use 
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of TDMs or discourse, that was noted. Each participant was observed teaching four 
lessons. The observed lessons were video recorded and transcribed. Then the 
transcriptions were also coded using the categories: TDMs, instructional emphasis, and 
activity structures. Additionally, if participants used IRE, that was recorded as well. 
The research questions that were addressed in this study were:  
1)  How do three high school mathematics teachers who participated in a professional 
development course on mathematics discourse describe their own use of Teacher 
Discourse Moves (TDMs) as well as their own facilitation of discussions in their 
classes?  
2)  How do three high school mathematics teachers who participated in a professional 
development course focusing on mathematics discourse facilitate discussions and 
more specifically use the Teacher Discourse Moves in their instruction? 
Section I of this chapter presents a summary of the findings. I will discuss the limitations 
of this study in Section II and Section III suggests directions for future research. 
 
Section I: Summary of Findings 
 The findings from this study support previous research. Creating a classroom 
culture of participation in mathematical discussions is a necessary first step towards 
facilitating productive and powerful whole class discussions (Bennett, 2014). Facilitating 
whole class discussions to further the mathematical understanding is challenging (Brodie, 
2007; Chazan & Ball, 1999; Fraivillig, Murphy, & Fuson, 1999, Sherin, 2002). Similar to 
previous claims, (Borko et al., 2006; Busby et al, in press; Davies & Walker, 2005; Kwon 
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& Orrill, 2007), this study found that watching their own teaching was dramatically 
influential in changing participants’ instructional practices. Despite challenges the 
participants in this study faced, they made changes to their instruction and their beliefs 
shifted as student engagement in discourse became more prominent. 
All participants formally learned about the TDMs for the first time from the 
MDISC course. Some of the TDMs were more familiar to them than others such as 
inviting, probing, and waiting. Participants seemed the least familiar with asking and 
creating, and “full” revoicing. Although participants were familiar with some of the 
TDMs prior to the course, they did not necessarily have a name for them or were 
conscious of their use of them. Furthermore, they may not have been using them in 
productive or powerful ways prior to learning about them in the MDISC course.  
The MDISC course helped participants become more conscious of the TDMs and 
see the value in using them regularly. All participants began the course without 
mentioning that discourse or talk was critical for student learning. However, by the end of 
the course, all participants expressed that it was critical for students to participate in the 
class discussions and they articulated that is was not enough for students to just listen 
during class. 
All participants tried to use the TDMs in their instruction and found asking and 
creating to be the most challenging. This makes sense as it appeared the participants had 
the least amount of experience using these two TDMs. This finding has implications for 
future professional development courses. High school mathematics teachers need more 
guidance learning how to implement the TDMs creating and asking. 
  
 213
Bennett (2014) wrote that “creating a classroom culture of participation is a 
necessary first step in implementing meaningful discourse,” (p. 21). While all the 
participants in this study worked to create a classroom culture of participation, they did 
this in different ways. Ms. Pike demonstrated the most drastic change in her use of 
activity structures from having students seated in rows and working individually to 
having her students regularly working in small groups and sharing ideas with the whole 
class. Also, she chose instructional activities that took advantage of this new structure to 
provide students with more agency. Ms. Willow had her students working in pairs, for 
social reasons, until she participated in the MDISC course and then had her students 
working in a new activity structure: small groups. Her views of her students’ capabilities 
to work in small groups and talk about mathematics evolved and grew in similar ways as 
the teachers in Herbel-Eisenmann and Cirillo’s (2009) study. Lastly, Ms. Gold most 
explicitly changed her expectations for student participation. She began with the belief 
that it was acceptable for students to listen and not necessarily talk during class. After 
participating in the MDISC course, Ms. Gold believed student participation and talk 
during small group work and whole class discussion was critical. Although the use of 
different activity structures to create a culture of participation is a necessary first step in 
implementing powerful and productive discussions, selecting quality tasks and 
purposefully using TDMs must follow. 
 In general, the participants found it easier using TDMs when students were 
working in particular activity structures: small groups, partners and student presentations. 
Whole class discussions where student comments were built off of other student 
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comments and the ideas and questions were generated by students as well as the teacher 
occurred only briefly, if at all during the observed lessons. Additionally, Ms. Pike and 
Ms. Willow struggled at times to find balance between using TDMs to further the 
mathematical understanding in the lessons and using TDMs for other purposes such as 
giving directions and understanding the context of a mathematical task. The teacher in 
Sherin’s (2002) study found it difficult using practices that engaged students when he 
was teaching mathematics he was less familiar teaching. Ms. Pike reported similar 
challenges when she was teaching content for the first time and simultaneously trying to 
use TDMs, which were also new to her. In one of her observed lessons she used the 
TDMs when giving directions to students before they began an activity, which is 
evidence supporting Ms. Pike’s comments. Additionally, in Ms. Willow’s first observed 
lesson, she used the TDMs to facilitate a whole class discussion about the context of the 
mathematical task. Students shared their opinions and discussed whether school should 
begin an hour earlier rather than discussing the statistical analysis.  
 Many studies have shown that eliciting student thinking, student explanation of 
solution strategies, connecting mathematical ideas and helping students reach higher 
levels of mathematical understanding is challenging (Brodie, 2007; Chazan & Ball, 1999; 
Fraivillig, Murphy, & Fuson, 1999). Although participants were open to learning about 
the TDMs and trying to use them in their instruction, it was challenging for all of them to 
implement the TDMs and facilitate powerful and productive whole class discussions. 
Powerful and productive whole class discussions were the goal but had not yet become a 
reality. Ms. Pike wanted to improve student learning and engagement and she wanted to 
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learn how to purposefully use techniques to create space for student discussions in order 
to reach her goal. Ms. Pike made changes to her classroom seating arrangement and 
changes to her lesson planning but she was unable to facilitate powerful and productive 
whole class discussions. While Ms. Pike was ambitious to learn how to facilitate 
discussions and wanted to change her practice, she had been teaching for many years 
primarily using lecture-based instruction and her habits were hard to break. She even 
reported that she learned how to teach as a traditional teacher just as the teachers in 
Herbel-Eisenmann and Cirillo’s (2009) study reported. During this study, Ms. Gold 
became aware of her habit of asking her students the rhetorical question, “Does that make 
sense?” Not only did she acknowledge that students were not responding to her question, 
but she also recognized that she would gain more knowledge about students’ 
understanding if she used the TDM asking. Although Ms. Gold became conscious of her 
use of this rhetorical question and had a plan to address this issue, she was unable to 
change this practice; she continued to ask her rhetorical question multiple times 
throughout the four observed lessons. Through Ms. Willow’s journal reflections, it 
appeared she was using the TDMs in her CP1 and AP level courses and not her CP2 
course. She had low expectations of her CP2 students’ capabilities to discuss 
mathematics. The first time she saw evidence of her CP2 students talking to each other in 
small groups was in the fourth observed lesson.  
The participants in this study had minimal powerful and productive whole class 
discussions, if any. Each participant was faced with a variety of challenges: the way they 
originally learned to teach, perceptions of pressures related to short class periods and an 
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overcrowded curriculum, efforts to balance teaching new content while simultaneously 
trying to implement new techniques, and previously established classroom expectations 
and norms. Despite these challenges, the participants’ demonstrated growth towards 
increased student talk. The challenges participants were faced with in this study were 
precursors to the challenges mentioned in Brodie’s (2007) study that, “the challenge for 
the teacher is how to remain open to a range of ideas, while trying to draw them together, 
relate them to each other and build towards some resolution,” (p. 21). 
Unlike the participants in Herbel-Eisenmann and colleagues’ (2013) study, the 
participants in this study never stated that their students in low-level courses would not be 
able to participate in powerful and productive discussions. However, two of the three 
participants reported that they found the TDMs easier to use with their students in their 
honors classes. The participants gave a variety of reasons for this. A few of the reasons 
were: the students in honors classes enjoy discussing mathematics, the students in honors 
classes are more confident about their understanding of mathematics and the students in 
non-honors classes are not used to participating in discussions during math class. Ms. 
Gold never described any differences in her use of the TDMs between the different levels 
of the courses she taught. This could be because she had not yet taught any CP2 courses 
at the time the data was collected. Also, Ms. Gold was the one teacher who seemed to 
have high expectations for all of her students. She said in one of her interviews that she 
could not think of a single time she was surprised by something her students knew about 
mathematics. Again, Ms. Gold’s perspective may have been influenced by the fact that 
most of her experience teaching was with honors and CP1 level courses.  
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 One possible reason the participants reported that using the TDMs with the 
students in the honors classes was easier could be related to classroom norms. As 
previously stated, the participants wanted to establish discourse-related classroom norms 
with their students at the beginning of the school year in the future. It is possible 
however; that there is an implied set of classroom norms previously established for 
students in honors classes. Students in honors classes may realize that they are expected 
to participate in classroom discussions and ask questions. In addition, students are 
typically placed in honors mathematics classes because of high achievement in previous 
courses. These students have been successful in their math courses and realize that 
mathematics is a strength for them. That being said, students in honors mathematics 
courses may feel more confident and thus more likely to volunteer their answers, 
strategies, and justifications than students in non-honors courses. 
Many researchers have claimed that watching videos of one’s own teaching had a 
significant impact on the teachers in their studies (Borko et al., 2006, Busby et al, in 
press; Davies & Walker, 2005; Kwon & Orrill, 2007). All participants in this study 
reported that being observed and the post-observation VSR interviews encouraged their 
use of the TDMs. At the very least, they reported that the presence of an observer in the 
classroom was a reminder to use the TDMs, whether the observer was the researcher or 
an administrator. Participants’ use of TDMs became increasingly purposeful as they 
analyzed of their own teaching as well as students’ reactions to their new efforts. 
Specifically, as participants watched the recordings, they noticed which students were 
and were not engaged in their lessons and reflected on how they could implement the 
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techniques from the course to influence all students’ engagement and mathematical talk. 
While the participants were always honest in their journal reflections on their use of 
TDMs, they looked at their teaching with a more critical eye as they began to watch 
themselves. The ways participants talked about their practice was consistent with their 
actions as evidenced from the observed lessons. 
In this study, not only did participants watch themselves teaching, but they also 
engaged in the post-observation VSR interviews. During these interviews, I was put into 
the role of a “more knowledgeable other.” While I tried to remain a non-judgmental and 
impartial researcher, the participants were unable to separate my role as instructor of the 
MDISC course as I conducted the lesson observations. Each participant sought my advice 
as they encountered a dilemma when trying to use the TDMs and facilitate discussions or 
plan lessons that incorporated the TDMs. To be consistent with the materials from the 
MDISC course, I was careful to respond to the participants’ requests for advice with the 
sentence starter, “I wonder if...” My suggestions were phrased in this way so that the 
participants would consider my “suggestions” as ideas for them to consider rather than 
telling them how to teach. The effect of these exchanges was that the participants tried to 
use the techniques and strategies we discussed. Further research on the role of VSR 
interviews on teachers’ willingness to make instructional changes is needed. 
 One of the ways all three participants used discourse and more specifically the 
TDMs was to give space to students’ agency. The participants’ use of TDMs provided 
students with greater opportunities to engage with the mathematics. They claimed that 
student participation and engagement during their lessons increased. Each participant 
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focused on different aspects of their instruction to encourage their students’ engagement. 
Specifically, Ms. Pike rearranged her students’ desks so that they were seated in groups 
of four to five students. One teacher in Herbel-Eisenmann and Cirillo’s (2009) study 
rearranged his desks in a similar way. Also, Ms. Pike designed her lessons so that the 
students were provided with more opportunities to engage in each other’s reasoning. Ms. 
Pike was excited to see her students collaborating and discussing mathematics for the 
first time throughout her post-observation VSR interviews. Initially, Ms. Gold’s views on 
what it meant to be an engaged learner involved passive engagement. For example, at the 
start of the study Ms. Gold reported that she was okay with students who just listened. 
After watching her students and reflecting on her practice during the post-observation 
VSR interviews, she expressed concern that only the same few students participated in 
her lessons and she noticed the students were not listening to each other. The biggest shift 
Ms. Gold made in her practice to address this and support agency for more students, was 
to select particular students with incorrect solutions to speak before students with correct 
answers. Ms. Gold was pleased that more students were participating and that the 
students responded to each other’s ideas. The post-observation VSR interviews provided 
an opportunity for Ms. Gold to notice what was happening in her classroom. Ms. Gold’s 
awareness led to her reflecting on her instruction, which in turn led to change. Ms. Gold 
changed her perception on what was acceptable engagement in her class. Consistent with 
Otten, Herbel-Eisenmann, Steele, Cirillo, and Bosman (2011), students’ use of repetition 
and rephrasing was evidence that they were actively listening. 
Ms. Willow had expanded her use of the TDM waiting to include some time for 
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students to think independently and then talk with a partner before sharing with the rest 
of the class. The time she gave for students to discuss with each other before sharing out 
was a new component she had added to her classroom repertoire. As a result, Ms. Willow 
noticed students who she reported were typically quiet during her classes began talking 
throughout the four lesson observations. She was supporting student agency to a greater 
number of students. Also, in the fourth observed lesson Ms. Willow was pleasantly 
surprised to see her students talking about mathematics when they were working in small 
groups.  
While all participants made changes to their instruction and increased student 
engagement and mathematical talk, they did not feel like their use of TDMs had become 
a habit and they did not feel that TDM usage was a norm in their classes. Yet all of the 
participants expressed a desire to make the TDMs a “norm” or “habit” in their practice. 
This is consistent with two other comments the participants shared. They all discussed 
how they needed to make their expectations to students transparent and they wanted to 
use the TDMs from the beginning of the school year in the future as they had not 
established norms ahead of time in the year they were learning about the TDMs. One 
teacher from Herbel-Eisenmann and Cirillo’s (2009) study claimed, “I need to have many 
more conversations with my students and make explicit the behaviors I want to see,” (p. 
114). In Imm and Stylianou’s (2012) study, they found that the participant who created a 
“High Discourse Classroom,” attempted to characterize aloud the features of the talk that 
she valued, thus making her expectations clear to students. Additionally, Staples’ (2007) 
study found that students need to be made aware of new strategies teachers are using and 
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students need to be taught how to engage with these new strategies. The participants’ 
reflections and these two studies suggest a need for making expectations for using the 
TDMs transparent to students and they need to be explicitly taught how to use them. 
Staples’ study also suggested that making new strategies and the reasons for using them 
explicit to students at the beginning of the year was important because students’ 
expectations could be inconsistent with the new strategies being used. For example, the 
students in Staples’ study expected that they should solve math problems quickly. Thus, 
when the teacher was using wait time, her expectation was that students were thinking 
and reflecting. However, students interpreted the use of wait time as a waste of time 
during class.  
Since this study had a small sample size and data were collected in one school, 
generalizations beyond this context cannot be made. However, the findings of this study 
support findings from previous research and open questions for future research. Overall, I 
conclude that facilitating whole class discussions let alone powerful and productive ones, 
is challenging for high school mathematics teachers. Some TDMs were easier for 
participants to use over others and some changes were easier for participants to make 
such as utilizing different activity structures. Additionally, how new techniques are 
instituted and when they are implemented influenced the discourse in the classroom. 
Lastly, use of VSR interviews had an impact on the participants’ use of reflection and 
their ability to change elements of their instruction. These findings need to be considered 
in light of the following limitations. 
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Section II: Limitations of the Study 
 Just as all studies have their limitations, this study was no exception. The findings 
must be considered in the context of this particular study and the findings may not be 
generalized to all high school mathematics teachers. The limitations are described below. 
 
1. The sample was small and all participants were teachers in the same school. If 
participants were studied from different schools with different textbooks with different 
affordances and challenges, the results of this study may have looked different. 
 
2. My role as instructor of the MDISC course, colleague to the participants, and 
researcher of this study may have created issues of objectivity. While my role as a teacher 
in the same school provided me with a greater understanding of the culture of the school, 
curriculum, and community, participants may have responded differently if they worked 
with an outside researcher.  
 
3. Participants were observed and interviewed during the second half of the school year. 
How participants instituted classroom norms at the start of the school year was not 
captured in this study. Furthermore, students positioning in the classroom had likely 
already been established. Additionally, the second half of the school year has disruptions 
to the typical schedule such as state testing and preparing for final exams.  
 
4. A second phase of the MDISC course is designed to occur after the formal course is 
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completed. The participants in this study did not partake in the action research portion of 
the MDISC course. The results of this study may have differed if participants completed 
an action research project.  
 
5. The sound quality of the recordings of the observed lessons was poor. Much of the 
student talk was inaudible which made it difficult to determine if student talk was 
productive in different activity structures. Although the research questions focused on the 
teachers, knowing what students said in response to the participants’ use of TDMs would 
have provided more detail on how effective the TDMs were being implemented. 
 
6. Interview questions were similar from the interview prior to the lesson observations to 
the interview at the completion of the study. While this was purposeful and intended to 
gather data on how participants’ understandings and beliefs remained the same or 
changed, their responses may have been influenced by prior experiences answering the 
questions. 
 
Section III: Recommendations for Future Research 
 The recommendations for future research are based on the findings from this 
study as well as its limitations.  
 
1. Since the context for this study consisted of a suburban upper-middle class high 
school, it should be replicated in a different setting: an urban high school, for example. It 
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would be important to determine whether high school mathematics teachers of students in 
different types of schools use the TDMs and facilitate discussions differently and 
describe their use of TDMs differently than the participants in this study. 
 
2. There is a need to study high school mathematics teachers’ use of TDMs and discourse 
longitudinally. This is important as it takes time for teachers to change their practice. 
Studying participants’ use of TDMs and facilitation of discussion over a longer period of 
time can provide data on exactly how long it takes for teachers to change their practice 
and for students to respond accordingly. Data could be collected from the same 
participants over the course of multiple school years. Additionally, the lesson 
observations began only after the participants completed the MDISC course. To gain a 
deeper understanding of how high school mathematics teachers’ facilitate discussions and 
use the TDMs after participating in a professional development course, participants could 
be observed teaching prior to taking the course as well.  
 
3. The sample for this study was small and could be replicated with a larger sample size. 
While the results of this study cannot be generalized, more information could be learned 
about how high school mathematics teachers facilitate discussions and use the TDMs if 
the sample was larger and more diverse. Specifically, participants who teach in other 
types of school districts could provide additional information on constraints or 
affordances that may be similar or different to those found in this study. Additionally, 
increasing the sample size would help determine whether teachers make changes in their 
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facilitation of discussions and use of the TDMs in stages and possibly based on their 
previous teaching experiences.  
 
4. High school students’ perceptions, ways of talking, and participating need to be studied 
and analyzed. Comparisons between students in student-centered, discourse-rich 
classrooms and teacher-centered, lecture-based classrooms need to be analyzed to learn 
how high school students are affected by different experiences. 
 
5. Research analyzing TDMs and mathematical talk in a variety of mathematics classes is 
needed. Students in different levels and studying different content might respond in 
different ways. Teachers might need to think about positioning differently depending on 
the course and they might need to emphasize different TDMs over others.   
 
6. Participants in this study had a more knowledgeable other to look to and reflect with 
when viewing their observations. Despite the MDISC course incorporating assignments 
for participants to look at their own teaching, participants were not that reflective until 
the post-observation VSR interviews. Future research is needed to analyze whether it 
influences participants if they did the action research first or if they did the post-
observation VSR interviews throughout the PD course. The ways in which observations 
are used needs to be considered in future research. 
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APPENDIX A 
Use of Discourse Survey: Form A 
 
Name:_________________________________________________________________ 
School:_________________________________________________________________ 
 
Grade Level(s):__________________________________________________________  
Courses & 
Levels:_________________________________________________________________ 
 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
 
 
        Low  High     N/A 
Part I. Indicate your current knowledge of the following:     
 
1. Communication Contexts     1     2     3     4     5         6 
 
2. Methods of Informative Assessment   1     2     3     4     5         6 
 
3. Methods of engaging students    1     2     3     4     5         6 
 
4. Facilitating mathematical discussions with a small 1     2     3     4     5         6     
    group of students 
 
5. Facilitating mathematical discussions with a  1     2     3     4     5         6  
    whole-class 
 
  
Part II. Indicate your current use of the following: 
 
6. Communication Contexts     1     2     3     4     5         6 
 
7. Methods of Informative Assessment   1     2     3     4     5         6 
 
8. Methods of engaging students    1     2     3     4     5         6 
 
9. Facilitating mathematical discussions with a small 1     2     3     4     5         6 
group of students 
 
10. Facilitating mathematical discussions with  1     2     3     4     5         6  
 a whole-class 
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Part III. Answer the following questions as thoroughly and honestly as possible. 
 
11. How would you describe whole-class mathematical discussions? 
 
 
 
 
 
 
 
 
12. What do you want to learn about mathematical discussions in your classroom? 
 
 
 
 
 
 
 
 
13. What do you believe are benefits to classroom discussions in your mathematics 
classroom? 
 
 
 
 
 
 
 
 
14. What do you believe are constraints to classroom discussions in your mathematics 
classroom? 
 
 
 
 
 
 
 
 
15. Why are you registered for this course? 
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APPENDIX B 
Use of Discourse Survey: Form B 
 
Name:_________________________________________________________________ 
School:_________________________________________________________________ 
 
Grade Level(s):__________________________________________________________  
Courses & 
Levels:_________________________________________________________________ 
 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
 
 
        Low  High     N/A 
Part I. Indicate your current knowledge of the following:     
 
1. Communication Contexts     1     2     3     4     5         6 
 
2. Methods of Informative Assessment   1     2     3     4     5         6 
 
3. Methods of engaging students    1     2     3     4     5         6 
 
4. Facilitating mathematical discussions with a small 1     2     3     4     5         6     
    group of students 
 
5. Facilitating mathematical discussions with a  1     2     3     4     5         6  
    whole-class 
 
  
Part II. Indicate your current use of the following: 
 
6. Communication Contexts     1     2     3     4     5         6 
 
7. Methods of Informative Assessment   1     2     3     4     5         6 
 
8. Methods of engaging students    1     2     3     4     5         6 
 
9. Facilitating mathematical discussions with a small 1     2     3     4     5         6 
group of students 
 
10. Facilitating mathematical discussions with  1     2     3     4     5         6  
 a whole-class 
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Part III. Answer the following questions as thoroughly and honestly as possible. 
 
11. How would you describe whole-class mathematical discussions? 
 
 
 
 
 
 
 
 
12. What do you want to learn about facilitating mathematical discussions in your classroom? 
 
 
 
 
 
 
 
 
13. What do you believe are benefits to classroom discussions in your mathematics classroom? 
Please explain. 
 
 
 
 
 
 
 
 
14. What do you believe are constraints to classroom discussions in your mathematics 
classroom(s)? Please explain. 
 
 
 
 
 
 
 
 
15. How is this course meeting your initial expectations? Please explain. 
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APPENDIX C 
Use of Discourse Survey: Form C 
 
Name:_________________________________________________________________ 
School:_________________________________________________________________ 
 
Grade Level(s):__________________________________________________________  
Courses & 
Levels:_________________________________________________________________ 
 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
 
 
        Low  High     N/A 
Part I. Indicate your current knowledge of the following:     
 
1. Communication Contexts     1     2     3     4     5         6 
 
2. Methods of Informative Assessment   1     2     3     4     5         6 
 
3. Methods of engaging students    1     2     3     4     5         6 
 
4. Facilitating mathematical discussions with a small 1     2     3     4     5         6     
    group of students 
 
5. Facilitating mathematical discussions with a  1     2     3     4     5         6  
    whole-class 
 
  
Part II. Indicate your current use of the following: 
 
6. Communication Contexts     1     2     3     4     5         6 
 
7. Methods of Informative Assessment   1     2     3     4     5         6 
 
8. Methods of engaging students    1     2     3     4     5         6 
 
9. Facilitating mathematical discussions with a small 1     2     3     4     5         6 
group of students 
 
10. Facilitating mathematical discussions with  1     2     3     4     5         6  
 a whole-class 
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Part III. Answer the following questions as thoroughly and honestly as possible. 
 
11. How would you describe whole-class mathematical discussions? 
 
 
 
 
 
 
 
 
12. What do you want to learn about facilitating mathematical discussions in your classroom? 
 
 
 
 
 
 
 
 
13. What do you believe are benefits to classroom discussions in your mathematics classroom? 
Please explain. 
 
 
 
 
 
 
 
 
14. What do you believe are constraints to classroom discussions in your mathematics 
classroom(s)? Please explain. 
 
 
 
 
 
 
 
 
15. Have your actions and/or beliefs on mathematics discourse in your classrooms changed since 
before this class began? Please explain. 
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APPENDIX D           
                   Activity Intro.2: Betty’s Bakery Task  
Task Overview: This task involves a set of pricing plans that are investigated using 
multiple mathematical representations. As you work on the task, consider the features of 
each representation and be prepared to explain how it illuminates aspects of the situation. 
 
Betty’s Bakery sells giant cookies for $1.00 each.  This price is no longer high enough to 
create a profit, so Betty decides to raise the price.  She doesn’t want to shock her customers 
by raising the price too suddenly or too dramatically.  She considers the following three 
plans: 
• Plan 1:  Raise the price by $0.05 each week until the price reaches $1.80 
• Plan 2:  Raise the price by 5% each week until the price reaches $1.80 
• Plan 3:  Raise the price by the same amount each week for 8 weeks, so that in the 
eighth week the price reaches $1.80 
 
Consider the following: 
1. Make a table for each plan.  How many weeks will it take the price to reach $1.80 
under each plan? 
 
2. On the same set of axes, graph the data for each plan.  Compare the shapes of the 
graphs and what they mean in terms of the changing cookie price paid by customers. 
 
3. Are any of the graphs you drew linear?  Explain. 
 
4. Try to write an equation for each line. 
 
5. Which plan do you think Betty should implement?  Give reasons for your choice. 
 
Reflecting on Participation and Positioning: 
• How did you participate during the work on Betty’s Bakery Task? 
• In what ways did your “smartness” surface during the work? If it did not, why not? 
• What status relationships became evident during the work? 
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APPENDIX E 
Activity 1.2: Area and Perimeter Tasks 
Task Overview: This mathematical task is presented in two versions so that comparisons and 
contrasts can be drawn, illuminating important features of tasks in general as they relate to 
communication. Both versions address the relationship between area and perimeter of 
polygons, specifically, triangles and parallelograms. After solving and discussing the two 
versions of the task, you may also discuss the nature of your own participation in the 
mathematical work.  
Solve the following two tasks and then respond to the “Ideas to Consider” below. 
Version 1 
1. Do triangles with the same area necessarily have the same perimeter? Explain. 
2. Do parallelograms with the same area necessarily have the same perimeter? Why or why 
not? 
3. If two triangles have the same area and perimeter, are they necessarily congruent? Explain. 
Version 2 (adapted from Connected Mathematics Project: Covering and Surrounding unit) 
1. Draw a triangle with a base equal to 5 cm and a height equal to 6 cm. Then, try to draw a 
different triangle with a base equal to 5 cm and a height equal to 6 cm. Do these triangles 
have the same area? Why or why not? Do the triangles have the same perimeter? Why or 
why not? 
2. Draw a parallelogram with a base equal to 5 cm and a height equal to 6 cm. Then, try to 
draw a different parallelogram with a base equal to 5 cm and a height equal to 6 cm. Do 
these parallelograms have the same area? Why or why not? Do the parallelograms have the 
same perimeter? Why or why not? 
3. Based on your work in parts 1 and 2, is it sometimes, always, or never true that two triangles 
with the same area also have the same perimeter? 
4. Extension: Is it sometimes, always, or never true that two triangles with the same area and 
same perimeter are congruent? 
 
Ideas to Consider 
• How did the phrasing of the questions affect your own personal mathematical solving of 
the two versions of the task? 
• How might you expect students to speak or write differently when working on Version 1 
versus Version 2 of the task? 
• How do these differences relate to a teacher’s opportunity to gather evidence of what 
the students are thinking or learning? 
 
Reflecting on Participation and Positioning: 
• Was there a difference between the two tasks in terms of your own mathematical 
participation? If so, what about the task do you think contributed to the differences? 
• Whose ideas were taken up during the work in Version 1 versus Version 2 of the task? 
Why? 
• In what ways did each version of the task allow you to draw on the ways in which you are 
smart? 
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APPENDIX F 
Activity 2.2: The Hidden Triangle Exploration Task 
Task Overview: This task is essentially an exploration of potential congruence conditions of 
triangles as it involves attempts to make a congruent copy of a hidden triangle using only 
certain sets of measurements from a triangle. Two important underlying questions are (a) Did 
you produce a congruent triangle using the given information?, and (b) Did the given 
information guarantee that you would make a congruent triangle and will it for any triangle? 
After working on the task, you can consider the Reflecting on Participation and Positioning 
questions on the back.  
 
Within groups, one person will play the role of “director” and other group members will be the 
“drawers.” Using only information the director provides about side measures and/or angle 
measures of a given triangle, drawers work to reproduce the director’s triangle on their own 
paper without looking at anyone else’s work. 
Please read the directions carefully all the way through before you get started. 
 
Directions 
• Assign one person to start as the director and others in the group to be drawers. Each 
time you do the activity, a new director is chosen so that everyone gets a chance to be 
director. We suggest group sizes of 3-4 members. 
• The director will select a sheet of paper with a triangle on it from the envelope 
provided. The director is the only individual who should be able to see what is on the 
sheet. 
• The director tells the drawers information about the sides of the triangle and/or the 
angles of the triangle. Using this information, the drawers should try to reproduce the 
director’s triangle on their own paper. (The sides of the triangle may need to be 
extended in order to accurately measure the angles.) 
• Keeping track of which pieces of information (e.g. sides and angles) the director 
provides will be helpful because some groups will be asked to share their methods of 
reproducing triangles. 
• The drawers are allowed to ask questions and write notes on their papers but may not 
look at each other’s papers. The director should not be able to see the drawer’s work 
and is not allowed to use gestures in describing the triangle. 
• Once the director is done describing the triangle and the drawers have finished their 
work, the group should compare papers, and note whether or not the triangle was 
successfully reproduced. Be sure to specifically note which sides and angles were used 
to make a congruent copy of the triangle. 
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• After selecting a new triangle from the envelope, the activity begins again with a new 
triangle and new roles. The new director should try not to use the same combination 
of sides and angles as any of the previous directors. 
 
 
Ideas to Consider 
1. Consider each combination of sides and angles that you used. Produce an example or a 
counter-example that offers support for its validity as a congruence condition. How does 
this evidence relate to a deductive justification for the congruence condition? 
2. Consider how students might think about each of these combinations and what 
challenges they might encounter in doing this exploration. What mistakes might they 
make? Where will they get stuck?  
 
Reflecting on Participation and Positioning: 
• How were the roles of director and drawers managed within your group? How did the 
roles seem to affect the ways in which you participated during the task? 
• In what ways did the design of the task seem to promote interaction or engagement 
with mathematical ideas? In what ways did it seem to limit interaction or engagement 
with mathematical ideas? 
• How does this task position mathematical practices, such as conjecturing and 
reasoning? 
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APPENDIX G 
Activity 3.1: Comparing Two Versions of 
the Intersecting Lines Task 
Task Overview: The two tasks below deal with determining the intersection point of the pair of 
lines, but the prompts leading students to find the intersection point are different. After solving 
and discussing the two tasks, you may discuss the different ways the tasks shape discourse and 
also your own participation and positioning as you worked throughout this activity. 
Consider the following tasks: 
TASK A 
 
1. Draw line A that connects the points 
(-2, 0) and (4, 9). What is the equation   
of that line? 
2. Draw line B that connects the points  
(3, 6) and (-4, -8). What is the equation  
of that line? 
3. Using the equations that you found in 
parts 1 and 2, solve for the point of 
intersection between lines A and B. 
TASK B 
 
 
Assuming the gridlines represent one unit, find 
the intersection of the two graphed lines, if it 
exists. Justify your answer. If time allows, try to 
solve the problem in another way. 
 
Ideas to Consider 
1. What is the same and what is different about these two tasks? 
2. How might you expect students to speak or write when working on Task A? When working 
on Task B? 
Reflecting on Participation and Positioning: 
• In what ways did you position yourself or your ideas in this activity? 
• In what ways did others position you or your ideas in this activity? 
• How did you feel your positioning during the mathematical work was similar to or 
different from your positioning during the discussion across the two tasks? 
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APPENDIX H 
Activity 4.1: Linear Systems Task 
Task Overview: This activity involves two completely separate tasks, but through the 
enactment of each, you will engage with others’ mathematical ideas in various ways.  
 
The facilitator will give you a handout with a system of equations (Linear System Alpha). 
Solve the system of linear equations in the top half of the page. In the lower half of the 
page, write an explanation of how you obtained your solution and why it works. Then, 
fold your paper in half horizontally to hide your written explanation and exchange it with 
a partner. The partner should only look at the top half of the paper, which contains your 
mathematical solution to Linear System Alpha. 
 
The facilitator will now give you a handout with a second system of equation (Linear 
System Beta). Explain in words how you would go about solving Linear System Beta 
using your partner’s solution of Linear System Alpha as a guide (the top half of your 
partner’s paper). You do not need to actually solve the system. When you complete your 
written explanation of how to solve Linear System Beta using your partner’s 
mathematical method from Linear System Alpha, look at both yours and your partner’s 
written explanations to discuss the similarities and the differences. Space is given at the 
bottom of the second handout to take notes on the discussion. 
 
You and your partner may have solved the Linear System Alpha differently, so be sure to 
note the similarities and the differences between both sets of written explanations. 
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Linear System Alpha 
 
                                       
                                        
                                        
                                        
                                        
                                        
                                        
                                        
                                        
                                        
                                        
                                        
                                        
                                        
                                        
                                        
                                        
                                        
                                        
                                        
                                        
                                        
                                        
                                        
                                        
                                        
                                        
                                        
                                        
                                        
                                        
                                       
                                        
                                        
                                        
                                        
                                        
                                        
                                        
                                        
                                        
                                        
                                        
                                        
                                        
                                        
                                        
                                        
                                        
                                        
                                        
                                        
                                        
                                        
                                        
Solve the system: 
 
6x + 4y = 18                3x – y = 21 
Explain your solution and why it works Fold here and 
exchange with 
partner. 
  
 239
                                        
                                       
                                        
                                        
                                        
                                        
                                        
                                        
                                        
                                        
                                        
                                        
                                        
                                        
                                        
                                        
                                        
                                        
                                        
                                        
                                        
                                        
                                        
                                        
                                        
                                        
                                        
                                        
                                        
                                        
                                        
                                       
                                        
                                        
                                        
                                        
                                        
                                        
                                        
                                        
                                        
                                        
                                        
                                        
                                        
                                        
                                        
                                        
                                        
                                        
                                        
                                        
                                        
                                        
                                        
Linear Systems Beta 
Partner’s work: 
Using the method given by your partner, explain how you would solve this system. 
Similarities and Differences between the two explanations. 
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APPENDIX I 
Activity 4.1: Juice Mixtures Task 
Adapted from the Comparing and Scaling unit of the Connected Mathematics Project; 
used with permission 
 
Every year, the 7th grade students at Langston Hughes School go on an outdoor-
education camping trip. During the week-long trip, the students study nature and 
participate in recreational activities. Everyone pitches in to help with the cooking and 
cleanup. Arvind and Mariah are in charge of making orange juice for all the campers. 
They make the juice by mixing water and orange juice concentrate. To find the mix that 
tastes best, Arvind and Mariah decided to test the recipes on a few of their friends: 
 
Mix A 
2 cups concentrate 
3 cups cold water 
Mix B 
5 cups concentrate 
9 cups cold water 
Mix C 
1 cup concentrate 
2 cups cold water 
Mix D 
3 cups concentrate 
5 cups cold water 
 
Question A: Which recipe will make the juice that is the most “orangey”? Explain your 
answer. 
 
Question B: Which recipe will make the juice that is the least “orangey”? Explain your 
answer. 
 
 
 
Reflecting on Participation and Positioning: 
• In what ways did your participation involve another person’s mathematical 
thinking? 
• How did the interactions related to another person’s thinking affect your 
positioning as a person with mathematical competence? You may wish to 
consider issues of status and authority when answering this question. 
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APPENDIX J 
Activity 5.1: The Border Task (Part 1) 
Task Overview: This task, which is broken into two parts, involves problem solving and 
navigating between diagrams and numerical and algebraic expressions. It also involves a 
process of generalization in which reasoning from small cases is extended to larger cases and 
finally to an arbitrary case. You may also reflect on the nature of concluding discussions and 
the relationships between these discussions and positioning—positioning of students by 
students, of students by a teacher, and of mathematics. 
 
Consider a 10-by-10 grid of tiles with the tiles around the outside edge of the square colored. 
How could you determine the number of colored tiles in the border without counting? Justify 
your answer by linking it to the structure of the grid. Try to solve the problem in two or three 
different ways. 
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APPENDIX K 
Activity 5.1: The Border Task (Part 2) 
• Now, visualize a 6-by-6 grid. Using one of the methods that arose in Part 1, explain how 
you would determine the number of colored tiles in the border (again without 
counting). 
 
• How many colored tiles would be in the border of a 100-by-100 grid? How do you 
know? 
 
• What about an n-by-n grid? 
 
 
Reflecting on Participation and Positioning: 
• What are some of the purposes that teachers might have for leading a whole 
class discussion (Communication Context 2) as a way of concluding a task? 
You may want to consider both mathematical and social purposes. 
• What different considerations might there be for students and teachers’ 
positionings in whole-group discussions that may differ from small group 
discussions? What about positioning of mathematics? 
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APPENDIX L 
Activity CAP.2: The Discriminants Task 
Task Overview: This task involves connecting the number of solutions a quadratic equation 
has to the type of discriminant that quadratic equation has. You may solve the task using any 
method you choose, and then explain to your group how you did so. 
 
 
Consider the following four quadratic equations:  
 
a)  = 5 + 2 − 3 
b)  = 2 − 9 − 35 
c)  = 3 − 4 + 2 
d)  = 4 − 20 + 25 
 
Answer the following questions for each quadratic equation: 
• How many solutions does the equation have? 
• What is/are the solution(s)? 
• What is the discriminant? 
• What is the sign of the discriminant? 
 
Look across your responses to the questions for the set of quadratic equations and write a 
conjecture about the relationship between the discriminant and the number of real solutions a 
quadratic equation has. 
 
Ideas to Consider 
• How might the wording of the task relate to the ways in which students might 
participate when solving this task? 
• How might the tools and representations that you allow students to use to solve a task 
like this shape the kind of language students use? 
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